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4n account of re and ideaiek Operati-- 
ons for determining the Heights and Positions of the prin- 
cipal Peaks of the Himdlayn Mountains, situated between 
| the latitudes of 31.53.10. and 30. 18.30. N. and the 
ne of 77, 34. 04. and. 79. BY. 22. E. .. i 
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By Caprain J. A. HODGSON, 107TH Rear. N. I. and © 
Lizur. J. D. HERBERT, 81H Recr. N. I. 
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ON the successful termination of the first campaign against the armies 
of Nepal in 1815, in which they were expelled ‘from their conquests in the 
mountains between the rivers Setle7 and Kali (or Gogruh) by the Britisié 
. forces under the respective commands of Major Generals OcuTERLony. 
and MarTInpEeLL, and Colonel Nicouiis; and the provinces of Gerhwal, 
Sirmor, Hindur, Bisaher and Kamaon, with the exception of some. small 
districts, being restored by the British government to the Hindi Rdjds, 
their ancient possessors, the Most Noble the Governor General in Council. 
was pleased to direct, that surveys of the above countries should be execu-, 
ted by Captain Wess and myself. To Captain Wess, who was then. 
in Kamaon, the survey of that province and of the eastern parts of Gerh-_ 
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wal was assigned; and to me, that of the western part of Gerhwal, and of 
the mountains between the Ganges and Setlej rivers. My instructions 
were summarily, “to make a correct survey of the liberated provinces 
“ of Gerhwal, Sirmor and Hindur, as well as of the countries to the 

“ north of them reaching ta the Hindlaya, a trac which comprises the 
“ sources of the Ganges, Jumna, Tange, (hitherto unknown, though larger 
than the Jumne) and Setlej rivers; and which ig bounded by some of 
‘ the noblest mountains in the world.” . I wes ordered to carry on my 
researches as far as Yationally. practicable, and Colonel Crawrorp, then 
| Surveyor General, was directed to prepare such instructions for me as he 
might deem necessary. That distinguished and scientific officer, alike | 
versed in the theory and practise of great surveys of this nature, approved 
of the methods I had suggested, for carrying on my operations, and gene- 
rally directed me to be guided by such circumstances, as might appear to 
me most conducive to the objects in contemplation. — 


_ Irwill be acknowledged, that the extension of geographical knowledge 
is a desirable object, ‘and it eannot be denied, that to ascertain the heights _ 
and positions of the snowy peaks of the Himdlaya isnot only an interesting 
and curious, but very usefal, inquiry, for when their latitudes and longitudes 
are known, the geographical position of any place, from whence one, oF 
more of them, are wisible, may be determined with ease and accuracy. We 
have every facility and opportunity of observing some of these resplendént 
and lofty guides, in the great extent of 151.degrees of longitude, now, either 
in our possession, or under our influence and control, from the banks of the 
_Niver Setle; at Ludiana, to beyond those of the Burrampooter in Bengal. 
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Iw all this belt, the outlitte of some of the snowy peaks may frequehtly be 
observed, in clear weather, to the distance of 150 miles and upwards, with 
sufficient distinctness, for dn observer to fix his own position, by obvibus: 
methods; and thus, to be enabled to correct the geography df the older 
maps. But as yet, we do not, by Captain Webs’s survey, afid that of 
Lieutenant Heaszrt and myself, mow the precise latitudes aiid longi 
tudes of any peaks farther to the S. E. than the latitude of 99.49. 43, and 
longitude 81.2. nearly. ‘It would be’ very satisfactory, to determine ihe 
positions of those more eastern peaks, visible from Patna, Monghir, 
Bhagalpér and Rdjmal, and thie thay be done with considerable pre. 
cision, by their Aztnuahe, taken af the above places, with their observed 
differences of latitude, and differences of longitude, taken with puod clitos 
Hometers, carried down the river in fast going light boats, when the streant 
is most rapid: the boats would reach Monghir from Patea.in a day, and 
two good chronometers, ought to give the, ‘difference of latitude, within a 
quarter of a mile. The ehromometrical measures, may also be conipared: — 
and corrected by differences of longitude taken by the firing of gunpowder: 
the flash of half a pound of gunpowder, fired at the hill house at Pi 
Pabkdr near Monghir would be seen at Janghira rock, from. which, a: 
flash would be seen at Patter Ghatta, below. Bhagalpér, and thenee at 
Pf Points ox Sicri Gallf, ox probably Rajmal. | aii by no means 
sure, that a flash from the top: of the Golah at. Puiva, might not be seen at’ 
Pfr Pahdr; 28 Baron Vanzacu observed the effects of this sort of iHuniine-. 
tion at places, so far distant from. eachi other, ag te be reciprocally cen- 
cealed from sight, by the eurvatere of the ¢erth, By this method much 
may be done, and the longer the line the befter. Of course it’ requires a 
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good observer at each place, with one or two assistants, good instruments, 
and great alacrity, and the mean of alternately repeated flashes; and to 
such extent as they may be visible, this method is above all astronomical 
operations, for determing differences of longitude, the most certain. But 
to return to the subject immediately under consideration. Having received. 
my instructions, I proceeded from the army, on the immediate frontier of 
Nepal to the upper part of the Doab in the Sehdranpér district, in which, 
er'in the Déhra Dim, or valley, I intended to begin my operations, by 
measuring a base of four or five miles in length, if the ground should prove’ 
favorable. On examining the plain lying at the southern foot of the hills, 
between the Gauges and Jumna, I found there were several places where. 
I might measure a line of three:or four miles, but that on account of. | 
the mango groves, with which the country is studded, it would be very: 
difficult, if not impossible, to extend the sides of the triangles, which would 
increase in length considerably, before I could prolong them to the feet of 
those low hills, which divide the plains from the Dim. On the summits, 
of the last mentioned hills, I intended to establish etations proper for ob- 
taining others, on those loftier mountains, which bound the Dzin to the 
north, and command views of the Himdlaya peaks, as well as of the 
plains. When the distances between some of these points, and Sehéran- 
pir, as well as their reciprocal distances from each other, should be esta- 
blished, I intended to use those lines as dases, whereon to determine the 
positions of the snowy peaks, as has since been done. ‘The search of the. 
ground having proved snauccesefil in the plains, I proceeded, for the pur- 
pose of making a similar exammation, to the Din, to-search for more favor- 
able ground.: ‘The Di, though a. valley, has an uneven surface, sloping 








mee 
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from. the hills, which bound it to the north and south, to the two rivers 
Soang and Asan, which have their courses from its centre in different direc- 
tions, to the Ganges and Jumna: much of the sloping ground of the valley 
is covered by forests: the central part, near the rivers, is more open, but: 
marshy, and overgrown at the season, when I examined it, by high grass: 
and reeds, which cannot be destroyed by burning, before the commence. 
ment of the warm weather, untill which time it is detrimental to health’ to 
remain in such places, and the tigers and wild elephants which then 
abound in the thick cover ate troublesome: at.a later season I might have’ 
been more successful in finding clearer ground; but I ‘began to re-consider - 
-_whether a plan which I had long before had under consideration, might: 
not nearly or wholly obviate the necessity of measuring a base, an opera-: 
tion well known to be very) tedious, and with limited means exceedingly: 
difficult: to ‘exedute it in‘ the precise rhanner; which is requisite when - 
the object is to measure ah are of ‘the meridian, a number of coffers, tri-* 
pods arid elevating serews would be necessary, and even if F could have’ 
procured workmen to make them, they must have been cut out of: unsea-# 
soned timber, which would warp and cause much uncertainty. How some 
of these difficulties were afterwards obviated by Lieutenant Hieneekr, will 


appear! in the account of his measurement of a base. oe a 


* Tite sueed which I r hoped I should be able to avoid ‘the trouble’ 
and loss of time incident to the actual measurement of:a ‘base, was this: ! 
to determine as accurately’ as I could the difference -of latitude of two places: 
in sight of - each other, but as fav distant as possilile:. this difference of latis: 
tude with the observed Azimuths, 1 considered, would shew -the. number ef? 
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feet due to it, and consequently, the observations being supposed correet, the 
distances of the two places, which might be used as a base of great mag- 
nitude. The stations I selected for this purpose were first the house of Mr: 
GrinpDALL, the judge and magistrate of Sehdranpur, which for the sake of 
distinction we shall call Belviile, a very large and conspicuous white building © 
in an open situation, one mile anda‘half south of the town of Sehdranpir. | 
The second or northern station is a very remarkable and lofty mountain,. 
which divides the hill provinces of Sirmor and: J¢bal, called the Chix or- 
Chixke@ har : its summit is upwards of 11,000 feet above the level of Se. 
hdranpir ; the point where I fixed the station is 10,650 higher than the; 
station at Belville, from whence its Azimuth 3,25. Op, to the west of north, 
a direction 90 near the meridian, being extremely valuable, in determining. 
the distance in the manner I proposed. ‘The station mark on, the, Chis, 
is a pyramid which I built of pine trees, rock and turf, 35 feet high: it is 
visible from Belville with the instruments I intended using, and the- south 
point of the line there, is seen from the Chu‘, by firing white lights on it 
at night : | 


Tus distance of these stations is upwards of 61 B. miles, a distance suff 
ciently long to serve as a base for the most distant snowy peaks visible — 
from either end of it, and I hoped, that by taking a great number of zenith 
. distances at-each place, I should be able with a reflecting circle, to de- 
termine the difference of latitude within two or three seconds, which, relative- 
ly to the great length of the arc, (upwards of 53 minutes) could only occa . 
sion a small uncertainty in the distance, and-of course, a much smaller in 
the elevation of the objects to be observed from its extremities. Experience. 
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shewed that this degree of ‘accuracy could not: be altained by’ myself, or 
Lieutenant Herserg,, though I had much larger and, more perfect instru-: 
~ ments than have hitherto been used inthe mountains, a in any survey on. 
this side of Indéa; and both of us had mych practige as-ebservers, When 
I had lesg experience, 1 was more confident as te the accuracy which I; 
thought might be obtained from celestial observations, frequently and care . 
fully repeated ; but now so. far from being satisfied with surprisingly close: 
results, more close, than the Data and instruments warrant, I incline- to: 
eonsider them, the effects ef chance. I hold it to be the part of a faithful 
ebserver, to: reject no observations, except where he is sure froms some ' 
Innower cause, that they are bad. Ht has been said, and I think with jus-> 


tice, that when experienced observers, after taking all the pains.and pre-- 


cautions in their power, find themselves embarrassed . by. discrepancies for: 
which they.cannot account, they are probably on the pomt of making: 
some: important discovery: at any rate though they may not be so for-: 
tunate,* they: may by making: a fair disclosure, enable others who may 
view the subject in amore happy point of view, to do so. Even in 
the great English trigonometrical survey we see that the latitudes 
of principal stations taken by different stars when: under favorable 
_ eircumstances, and with powerful zenith sectors of five and eight feet’ 
radius, have: some times extreme differences of 8 or of 4. from the mean. 
- Ours being take with instruments of only six:inches radius, and with tele- 
scopes of small power, may be expected to be much mere. discordant; of 
eourse they are so, but really not in proportion to the power of the instru- 
ments. Reference to the table of 61 latitudes taken by me at Bellville, 
and the same number by Liewtenant Herserr, ef stars on different: sides 


=m ise 
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of the zenith, will shew that the differences are less, than could be expec- 
ted, and how closely’ our mean results agree, indeed I.think too close, but 
they are fairly stated. ‘Though at Belville we could observe at our ease, it 
was. not so on our lofty-stations of the Chir’, Surkunda, and Bairdt 
amidst snow, ice and clouds, and exposed to: furious tempests, which the 
astronomer in his firm observatory never experiences. But even the mean 
of Lieutenant Herpert’s observations and mme, varied at the Chit’, only 
4, which is less than could be expected.—Two observers may chance 
to find the same result, and yet jit may sot be true. Whether it be 
se, or not, may be proved. To prove, whether, the difference of latitude. 
of our large arc, Belville and the Chuit’, wag certainly determined, I esta- 
blished a third or proof station on the fort of Batrdt, the three places mak- 
ing a well propartioned triangle. Bairdt'is a small fort.on the summit of a 
mountain in Jaunsar. The station. of observation is in the fort, and 
distant from Belvile 2,59,129 feet, and 6,556 feet nearly .above its level. 
There, as on the Chair and at Belville, a great number of observations 
for the latitude were made, by Lieutenant Henserr and myself at dif- 
ferent times, but with the same reflecting circle: but the mean of our ob- 
‘servations differed 7.* At all the three stations, the angles and Asinuths 
were carefully observed, as will be shewn in the detail, yet. we had the 
mortification to find that the latitude of Bairdt, as deduced by strict | 
calculation on the latitude and Adimith arc, or base of. the Chris *. and } 





* Pies great a discrepancy to be fairly attributable to error of observation only, perbaps it 
may have been caused in part, by the varying state of celestial refraction. I observed at Batrat in 
tempestuous weather, and was muth interrupted by storms of wind, snow and sleet, and the atmosphers - 
to the north zenith was ‘generally cloudy. Lieutenant Herseat was rather more favored by the 
. weather, and his observations there are preferable to miue. 
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Belwille did not agree, with the mean latitude actually observed at Bairdt, 
at it ought to have done,.-but differed from it, ten seconds; had it differed 
only three or four seconds, we should have been content to sacrifice perfect 
agreement to gain time, and indeed it must be confessed, that having regard 
to the object in question, an uncertainty of three or four hundred feet in 
_ sixty-one miles and a half miles was not much; it would affect the distances 
af the remotest.snowy peaks. only to the amount of about 600 feet, in 
the whole; and the nearer peaks, less in proportion: the heights would 
be very little altered, nor would the uncertainty even of 10 or 330 yards 
materially affect them, but the latitudes and longitudes, would be 
uncertain and unsatisfactory. Much chagrined: at the disagreement, we 


were at a loss what. steps. to. takes whether to eonader. the latitude of 


Belville, as satisfactorily settled, and that of the.other two stalions as erro- 
weous, or to divide the error equally. between the.three. . Still suspecting. 
that some oversight had taken ‘place, though none seemed palpable, we 
determined to-try a second proof station, in-hope it might throw some light. 
on the subject: for this purpose the mountain of Surkunda was fixed on, 
which is distant from Belville, 2,86,212 feet and 8,300 feet higher. ‘than it. 
There, latitudes, angles and. Asimuthe were observed, and again the ob, 
served, and computed latitudes differed, to the amount of some seconds, and 
in the same manner as at Bairdt, the computed arc proving greater, than 
the observed. On the. Warté mountain, also which is distant nearly north 
from the Chi’, 111,634 feet, and 1016 feet lower than. it, a station was esta- 
blished, when operations, similar to those noted above, were effected: the 
_ best latitudes there were observed by Lieutenant Herserr, and though not 
so numerous as those at the Chis“, Belville, Bairdt and Surkunda stations, 
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agreed very well with each other. These. gave Abe differences of the 
hm acm emia ee icin at Bairdt and 


-Ynvs perplexed, we despaired of arriving at the accuracy we aimed at, 
by the methods of differences of observed latitudes and. Asmuths, and’ 
resolved, cost what time it might; to try to clear up the difficulties, by’ 
ineasuring a base. An operation whieh I always foresaw might be neces- 
sary, but which I wished to avoid if poesible—meantime the trigonometrical 
affairs of the survey went on, Combined with geographical researches, and at. 
inany ‘commanding points, satfons ‘were established, angles taken, and: 
pyramids as station marks built, which wére' dlike necessary, whether it 
should be determined ‘to’ abide ‘by the results of the Jatitude base, or to- 
resort toa ‘measured line. Fhis operation, if undertaken, could not be 
immediately effected, but would necessarily be deferred, ti a convenient 
season, for this i survey ‘embraced many objects of geographical research, 
as well as trigonometrical and astronomical operations, which could ‘not 
be carried on at the same time. An inspection: of the map will shew 
the great extent of the country explored, and its rugged and iountainous. 
nature, i in traversing which, many difficulties present’ themselves; and it is 
only at certain seasons, that the snowy regions and: upper’ parts of the 
courses of the great rivers can be visited. Even the’ principal: stations are 
on high mountains. ‘The Chui is higher than mount Fina, ‘and the snow 
lays deep on its north cide, generally till the commencement of the rains 
in June; the mountain i is then shrouded i in mist and clouds. The climate 
is too severe, to allow an observer to carry on his operations with success, 
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before the 20th April, and from that time, to. the:end of May, is the best 
season for the work. Also, after: the .antumnal equinox, the air becomes 
clear, and the atmosphere is favorable. for vision, until the middle of 
.October, when storms of sgow, render the.station untenable. Therefore; 
to these two periods, myst visits. to.the Chis’ be limited. The inconve- 


niences of residing on such a stormy ridge, even at thoss seasons, are con- 


siderable. The fary of the wind is great, and the cold intense; immediate~- 
ly after’ sunset avater and ink are frozen—and our followers, who were 
necessarily niuch exposed, suffered. severely from the cold: the ascent 
of the hountain, was long, and arduous, and the grain required for the 
- followers, fora period of tax or twelve days, was procured with groat 
difficulty frem the distant villages in Sermor and Jubal, and it is id he 


Fivefs, camp equipage, instruments; proyisions; and every thing r equired, 
was carried. on men’s backs, except on one short military line of royte, where 
miles lightly loaded mmiy: occasionially be used. - Sheep it is true, are gleg 
ased,!as beasts of burthan;.imthethigher moupteing, but they carry very small 
loads-—similar inconvextiehnces: and limitations as te the season of ‘xpsiding 
on thd, occur iit thé’ trigdmontetrical stations of Chandir, Bairdt and 
Surkundt, in a less depree, and in a still greater at’ Kédar Kande and 
Uchaldii, which are higher than the Cluér‘, in or crossing the passes over 
the ever sibwelad Himdlaye, and in exploring the spurces:.of the great 


| Fivers‘ whith rise in their deep and gloomy chasms, These and many 


éther ‘impediments “ddlayed the ‘atranisemeht of this -memoir, to a later 
peribd’than I could have wished, and ¥° niust be allowed to state come 
circumstances Which rendered the delay unavoidable on shy part, and that 
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of Lieutenant Hersert: the: first ‘was want of assistance: two young 
officers of engineers, were indeed appointed .my assistants, and joined 
me in 1816, but: their services were soon afterwards required with 
their own corps. In May 1817, when on my way, to the source of the 
Bhd gtrat'hé,-1 was joined by Lieutenant Hersenr, of the Sth Regt. N. L 
who had been appointed my assistant,-and to his valuable aid I owe 
mich. -Hé.accompanied’me in the journey from Reital to the source 
of the Bhdgfrarhé. After the rainy season of that year, during the 
Mahratta war, Lieutenant Hersert joined his corps with the centre 
division of the army, and I marched with the reserve to Jeypir. In 
April 1818, we returned to the mountains. - In October 18]8, I was obliged 
to leave them, and to go to Calcutta, in consequence of a dangerous 
disorder, contracted ‘by exlposure to frequent changes of climate, in the 
expedition to the Hedd ‘of’ the Ganges. On my recovery, I went to 
Indore: in Malwa, being employed on military duty, and after an absenop 
‘of nearly two years, having obtained leave of absence, I again visited - 
Sehdranpir, for the purpose of meeting Lieutenant Hersert, that we 
tnight jointly: prepare this:paper, in which we shell endeavour to shew, with 
as much accuracy as we can, the heights and position of .a number of the 
Himdlaya mountains. . It is incumbent on me to declare, and I de it with 
much satisfaction, that.if any share of praise, should be awarded to our 
labours, by far the greater part of it, is .due.to the skill and unremitting 
exertions of Lieutenant Herger?, who garried on the survey alone, after 
I was obliged to leave the mountains in October 1818. The insiru- 
ments I used being my private property, I left the most valuable of them 
with him. We liad agreed that a bas¢ should be meagured, and in conse- 
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quence of my unavoidable’ absenice, thig laborious and difficult ‘task wag 
‘@xecutedl by Lieutenant: Hirserr alone, and much of the apparatus was 
contrived’ by him, and execrted: under his inspection, in'the manner he hag 
described. ‘The whole of thé-small triangulation for thé purpose of correct! 
ing the stations of Chaadpér and Surkenda, in which he used my-ciréufari 
mstrument, ‘was his work, and he shared equally with me in the trigonotnes 
trical and astronomical observations of the large.triangles; at such stations! 
perl visited, and also established, as we' had agreed, on dther stations: judict- 
dusly. situated, and carried on‘ operations on then—and our géopraphicall 
knowledge of ‘the surveyed country tias been niuch: extended byhilg ndt 
only in carrying variohs ‘route: Tides of tthe Jahnavi' river-above Bhatia 
ghdtt,-and of the Setlej abovd: Womgtd-Chich was: the-furttiest point bp 
my: research in ‘that directiontin! 1846), bat’ aleo in‘ tracihge the! Toneéntver® 
to its:sdurces:in ‘the snowy: range’sascenditig whith, in: Oétdber TSI9/ he! 
cfossed-over the southern tidge-of ¢he HF ivhidbaged W- thie’ Oi triak pass; tent 
vated:about 15,700 féet above the sea. Descériditig thened) he ctinié upoin? 
the-valley-of the river Badpa, a-prinetpel feeder of the Setlé/, originating: 
in that cluster of high peaks, which are situated in a re-entering angle of 
the range ‘above -Jummotr?; ‘and: ftdih'which in euotlier direction” bre defi- 
ved thie-more eastern rivers: “FYétn its Gotifuence witli the Setle/ he flows « 
ed the course of the latter‘upward'tovGhipkee; 2 frontier valley of the Chiiése ? 
territories. Shipkee: isin: lnvitudé!511 48;5'110miles bel6w Shipkee, the! 
Setiej, which by the Bhoteds-or Tuitary: there; is called Sing Jtie Kania,’ 
(Kanpu signifying 4 rivat) receiwes:another:dtréam, nearly eqaal-in-siae; 
which strange to aky, has no precké:name,: It:ia some times desipnuited Spath, ' 
Maksang Spotl, being thd nante ofithe Parginnah it lows -ihtough;-and 
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Maksung signifying like Kanpa, a river. From the confluence of this. 
river -with the Setlej, he proceeded up to. Ldri, a frontier village of 
Ladac. In this part of his route he describes the mountains as entire- 
ly clay slate, bare of verdure and with little snow, and evidently of 
inferiot elevation, from all which may:be inferred that he was at this time: 
on the northern face of the great range. “Having no particular motives for’ 
penetrating further and the season being advanced, he returned from this’ 
place though he had little doubt, as he says, that if desirous he might have 
proceeded even to Leh the capital of Lealac. The road being described: 
as good; and the people not manifesting the same jealousy as those subject’ 
to the.Chinese authority. But this is not the place to enter into geographi- 
ca] particulars: an inspection of the map, and comparison with those which: 
are published in England, will shew what has been done by Lieutenant: 
Henprrr and myself in rectifymg their errors. ‘Fhe memoirs I have: 
to offer may he conveniently divided into the following subjects.—Ist. A. 
description of the. principal instruments used in. the: Trigonometridal and- 
‘Astronomical Operations, and in the measurement of the base: these were;: 


4.* A portanie Azimuth, altitude and transit circle, made by. Trova: 
TON: this with some other valuable’ instruments’ from his private: 
observatory, were presented to me. by my relative .Mr.: W.. Hopason; 
F. R. S. before I was appointed jo the mountain’ survey... The com 
struction and. uses: of this circle are described by the Reverend Mr: 
Wootaszon, in his Fasciculus Astronomicus. .'Fhe diameter of the he- 
rizontal: and vertical cireles of my instrument,:are each, one foot: the- 
former is diyided to five seconds; and ‘is read by: two dpposite verniers; 
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the latter-by means of micrometers, and: is .caleulated: to give elevations 

and depréssions.to two 'séoonds. , On the horizontal citcle the divisions.are_ 
eut m brass, and are very fine, but so close, that wé were often puzzled. to 

fix on the exact line of coincidence, for occasionally; three lines. on the | 
vernier and limb appeared to the eye a8 equally edinciding :. but in.such cases | 
‘we take the mean, and when there is time, the observations. are sometimes. 
repeated on different. parts of the limb—-an instrument of twelve inches is. 

certainly not large, but a much larger could not be carried. in the moun-, 
tains. .The weight is fifty pounds with the two cases it weighs 116. 
pounds, and is carried in the hills: on men’s: backs, . The. telescope was of 
twenty inches focal length, and had three eye: pieces of the powers to thirty, 
or forty nearly, and the wires, ten in number, being five yertical and. 
five horizontal, were of fine spider's web. ‘The advantages which cire 
cular instruments possess. over quadrants or other portions of, a, circle are: 
too well known to require much description. ‘They can be more-accurately 
divided than the latter, and are capable of complete reversion. in. every, 
direction. The index and collimation errors, are.determined on the ob-- 
servad objects themselves, and when terrestrial angiles,, or the pole star are. 
taken, it may be done before expansion cay, have: any effect: on the. 

instrument... ‘Whenever practicable, the circle. was used on a firm pillar — 
of brick oF stone work erected. for it.. As to the adjustments,.and levelling, 
they were always performed, as. usual-in such. instruments, by the ether — 
level, but to make the: altitude _circle describe a true vertical, I used... 
the method. of ,hiseating, .the; pole star, when at its greatest elongation, 
first observing it. by. direct vision, and immediately afterwards its image, 
with the faces of the circle, in, both directions, and with the telescope. 
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revérsed'.in the: yal;-\it: then, debevibes ‘a’ ‘trae. vertical. This vorilica: 
tion. ‘cdtindt : be: ‘effected, séxodpt ‘orl’ cain. nights.’ The eircle was 
used by Lieatenunt Hedwens’ in taliing. a the: angles of ‘the smal? 
tridngulation, ‘ahd! comsideriyg that it was then necessarily placed on a 
wooden tripod only, it performed’ well—gt the great stations, Belville, the 
Chir‘, Bairdt-and Strkutda, it had: a firmer support. .All- the observa 
tions, as well horizontal terrestrial angles, as ofaltitudesand Asimuths; were 
determined by-us, both‘by the sirigle. and - deuble elongations of tite pole 
star; and at the principal station of” Belville, with great care; and I trust 
with as much trath‘as it ts‘ podsible ‘to' take them, with ari instrument of 
moderate. diménsions. | ‘The altitudes of the peaks were observed at several 
places, and dt different sedsons, and’ the metn taken, except wherea depres- 
aion Had ‘been observed.’ “As the’stations are far distant from each ther, 
it is évident; tttat the élevations and depressions could not be taken at, or 
very near, thé'dime time, with the same instrument, bat when ‘they were 
bverved, the circtimétances df weather, w were Hot — dissimilar, and it ts 
the truth for answering the practical ends of the eurvey. ” As ‘en "inetius 
ment for taking zenith distahbes, ‘the circle answers very well; when chel-' 
tered -from tlie-weather, but on the exposed peaks of the grand stations, we : 
could not avail-ourselves, as we wished; of its powers. I fost‘ much time at 
tlie Chit, in trying to do so; but the winds by night, were a0 boisterous, thati it, 
was impossible to‘keep the adjustments Perfect, and to use'it in a ent, which 
ia‘in eoritinual danger of beimg blowin | awuy; distiaéts'the ubtetition ; at ‘the’ 
station of Bélville in thie plains, where I was ridre ‘at ‘thy ‘ease, Tmade toler- 
ab'y geod Observations for latitude, with' tlie altitiide circlé, though not 20 


I 
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good as I ought to’ have done:'some of the best, I think, are those made 
on the pole star’ when in the meridian, by observing at the same 
time its elevation, by direct vision, and by reflexion in quicksilver, by 
depressing the telescope, then reversing the’ instrument quickly, the sarie 
is repeated, and eight readings are obtained by the opposite micrometers: 


after this method occurred to me, I had only an opportunity of trying it on: 
one night, after which cloudy weather came on, and prevented. the reflect... 


ed image’ being: satisfactorily seen. “Where the pole star is higher than itis. 
here, I think very good latitudes may be thus taken: but at ‘Beluille the 
latitudes were generally. taken by Lieutenant. Hersert anil myself, 7 
with the reflecting circle, as it-was‘proper that the saitie instrument should 
be used at both extremes of the ave. © °° a 

2. A THEODOLITE made ‘5 Bence. This instruinent is. the property of ! 
government, and was lent for Lieutenant Hersert’s use.” ‘A8 the telescopes 
were necessarily of small power, and the verniers only shewed single minutes, ° 


this theodolite though good of its kind, was only ‘used when the circle was - 


- otherwise employed, or could not then be transported. Lieutenant HERBERT ° 


made the most of its limited powers, and as the eye may estimate a less: 
quantity than a whole minute, he always-repeated the horizontal angles on - 
different divisions of the limb: he was-obliged to observe the angles at the 
remote and lofty stations of Kedar Kdnia and Uchalard,. with ‘the theodo- - 
lite only, which will account for the sum of the three, angles between those . 
two stations, and those of the Chir‘, Bairdt and. Chandpir, differing from . 
180. rather more seconds then they ought, . though -less.than might have., 
been expected ; as will be seen in the notes. But Wwheni.there 1s ari oppor- ; 
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tunity, the circle will be taken up to Kedar, Kédnta and Uchalaré. ‘The 
former is 12,589 and the second 14,142 feet higher than the seq. — 


_§. A REFLECTING circle made by Trovanron and marked No. 44, I. 
did not receive this particular instrument from Mr. Troucuron himself, but: 


purcliased it in Calcutta; though sabstantial and perfect in all respects, 


it does not appear to me, to have so high a finish as the more modern cir- - 


cles of this construction made by that excellent artist, and though it is 


rather larger, I suspect it may be somewhat inferior to them. Every. 


person conversant with reflecting instruments, knows the advantage which 
circles have above sextants, and it is needless to mention it here. When 


the altitudes of stats were observed, we always took them, on different 


nights, on alternate arches of the circle, and the sun in the same manner: 
the pole star only can be obseryed on both arches on the same night: some 


times indeed when a star could not be taken on both faces, the index error 


was used, but always with reluctance. When the weather allowed of it,. 


the stars were taken north and south of the zenith, as equally, as tonumber 
and altitude, as circumstances allowed. It will be seen by the lists, that 
the observations for latitude have been very numerous. ‘They were taken 


with great care: no glass roof was used over the mercury, when it was pos- 


sible to dispense with it: the closest corrections for precession, aberration, 
nutation, and for refraction, according to the state of the atmosphere, were - 
applied to the altitudes, which were faithfully noted. With regard to re-. 


fraction, the quantities directed by the tables. corrected for the barometer 
and thermometer were applied, but as it is not impossible that there may be 
peculiarities in the atmosphere on lofty mountains, which the usual rules will 


= + me — 
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not correct, we weré anxious to divide the observations on both sides of the 
zenith as much as might be, though that could not always be effected. Those 
observers who fancy they can determine latitudes with portable reflecting 
instruments to. the exactness of asecond or less, will.be surprised to see 
the discrepancies which our ists present, even at-the Belville station, where 


‘we were not vexed by tempests and mists. It will be seen, that some of the 


results vary 10, 12, 15 and more seconds occasionally on both sides of the. 
mean; but when it is considered that in an instrument of six inches radius, 

twenty seconds is a very small space, being only the zs part of an inch, 
difficult for the maker to divide, and perhaps more so, for the observer to 

read, and that the telescopes are of small power, it seems hardly warranta- 
ble to suppose that any. number of reflections can reduce the yncertainty. to 

less than five or six seconds, nay perhaps double that quantity. Indeed. 
if small instryments are capable of this accuracy, they do more than. 
considering their size, can proportionably be expected from them, when 
we see that observations for latitude made with the most perfect zenith - 
sectors of five and eight feet radius, and used by such skilful observers . 
as Colonels Muper and Lameron, vary in some instances as much as eight 

seconds from each other, and by referring to the netes of'-those distin-' 
guished astronomers Messrs. Detamare and Mecnarn, who in the great 
survey of the Frexch meridian.used the repeating’ circle, it will be seen 

that the results ef observations for latitades taken from the same, and by 
different stars ‘and on different nights, did occasionally differ. from each — 
other, twenty and even thirty seconds: though in the use of the re- 
peating circle, these casual discrepancies are no doubt rendered of little 
or no consequence, in the mean given by the very great number of 
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observations, which the peculiar construction of that instrument, enabled 
the French astronomers to.take with great facility in a comparatively short | 
time. On. account of its portability and extensive power, I think the 
repeating circle, improved as its construction now is, by Mr. Trouacuton, 
would he an excellent instrument to employ in mountain surveys: though | 
it is true that some extra calculation is requisite to reduce the oblique 
angles of objects not of the same apparent altitude. 


Our English circles give the horizontal angles directly,’ and no correc- 
tion ’is necessary, but when they are of ‘great power, they are very heavy: 
and difficult to carry-in the rugged mountains; and require ‘firmer suppor- 
ters than we can always conveniently make for them. .With regard to 
Troucutoy’s reflecting circle, it is certainly an admirable instrument, and 
above all others, well suited to the purpose for which it is intended, i. e. 
the taking of lunar. distances at sea or on shore, as well as for taking alti- 
tudes. It may be thought that we were not so successful in making use 
of its powers as we should have been, but it will be-seen by the close 
- accordance’of the observations of latitude made with it at Sehdranpir, 
by: Lieutenant Henpent and. myself, that if we could have been as’ 
_ Well satisfied ‘with the results taken in ‘the mountains, we might have 
dispensed with measuring the base. At Sehdranmir we could observe 
at our ease,.and. the .tempetature was. equable;but on the Cfrér the 
vase was widely different, and I am much inclined to think that the 
great difference of temperature between the two places altered, by: 
the effect’ of the. contraction ‘of the’ metal of! the circle, - its-identity, if 
I say be alloweil soto term jt. On the Ciuir the cold at nights was 20. 
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severe that we were obliged to keep fires in our small tents, while on the 
out side our ink was frozen, and unluckily we did not think of the precau- 
tion of keeping the circle as nearly as we could at an even temperature, by 
Jeaving it on the outside of the tent when we had read off the angle. On 
ithe contrary, as soon. as we had observed the meridian altitude of a star, and 


_ registered it, we laid down the circle in the heated tent, until it was time to 
. take another star, and as that operation necessarily took up some time, the 
+ mb and verniers being of different sorts of metals, might possibly expand 


and contract in contrary and uncertain dircetions, and cause error,. Such 


-may; or may not be the cause, and in justice to the instrument Istate these 
circumstances, though [should think there is no need to make suppositiqns, 
_-which may appear forced, when it is considered, that the radius of the 
“reflecting circle is only six inches, and that exact reading by candle. light 
_ is not to be.expected, and that thete is a great difference between. qbserving — 
‘calmly in the plains, and on the ridge of a stormy mountain, 11,529 feet 
-above their level. At Bairdt also:the temperature differed, from that at 


-the Chi and Sehdranpir ; to say nothing of the possible poopie, of 
celestial refractions on the two. mountains. — 


For ‘eds the eclipses of Sapiter 8 satellites, and thence Secale 
the longitude of the first meridian, I used an achromatic refracting telescope 
of forty-two inches focal distance, and 2°7 inches aperture: it was 
made by. Do.tonp,-and had rack work: and every adjustment. It was my 


} _own property. Lieutenant Herserr used one of the same dimensions, be- 


longing to government, it had no rack work, but was a good instrument, 
and.also made by Doxionp: he had also a good chronometer, public pro- 
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perty, made by Baravp, and I had three very fine ones, my private property, 
made by BrocksaNnks and Motineux. “The list of longitudes annexed is 
important, as the first meridian is settled from twenty-four immersions and 
emersions of the first satellite, being a much greater number of observations 
than have I believe ever been taken in the upper provinces, to fix so interest- 
ing a point. It was known to the late Surveyor General, Colonel Coue- 
BROOKE several years ago, as well as to myself, that the longitudes assigned 
to Haridwar and several places in Rohile’hand, by Mr. Reuvsen Burrowes, 
were too far to the west by about seven miles. The-nhaime of Burnowes 
deservedly stands high, as a learned mathematician, as well as an expert astro- 
nomer, but it is many years since he took his observations in Rohilc’iiand, and 
at that time the astronomical tables were leas perfect than at present, and Mr. 
Burrowes used a telescope of small power, and I believe took a very small 


 pumber of’ observations of the satellites in comparison with ours. I do not 


presume to disparage the operations of eo distinguished an astronomer, 90 far 
as his means of accuracy admitted, but’ it is well known that the due obser- 
vation of the eclipses of the satellites, and thencé determining differentes of 
longitude, is by no means difficult to any person moderately skilled in practi- 
cal astronomy, so that those who have the best modern instruments. and 


- tables, ee IeR eee nee emer _— most 
accurate leasnaes 


Tue pyramid which’T built at the Seneca station on the Chis" in 


1816, is the fire meridian :— : - ny 


Its longitude being 77. 28. $0. 
Its latitude 30. 50. 36. 


— =. -=—\ 
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Height above the sea 11,529 feet, 
but the highest rocky point of the mountain is 350 feet higher than the 
observatory. 


As to barometers, we were deficient in those useful auxiliary instruments, 
those we had, being frequently broken: it is obvious that barometrical deduc- 
tions cannot be. put in competition with geometrical, conducted as the 
following were :—and that they cannot be used on the great snowy peaks 


which are not to be ascended. No barometrical deductions are admitted 


into this paper, except the height of Belville or Sehdranptr above the sea, | 


_as there was no other method of determining it: I believe it to be near the 


truth, probably erring in defect rather than excess. I may mention however 
that by co-temporary observations with two barometers by Lieutenant 
Hersert on the Chir‘, and myself at Sehdranpir, the difference of level 
comes out 11,581 feet, the true er geometrical height being by elevation and 
depression 11,529 feet, a trifling difference, attributable perhaps to chance. 


We made those barometers out of common weather glass tubes and filled 


them ourselves. We frequently amused ourselves by taking differences of 
level by the method of observing the boiling pomt of water as shewn 
by the thermometer; this when common thermometers are used, is of course 
only an approximation, but even with those short and imperfect intruments 
may occasionally be of comparative use. The results were often surpri- 
singly close, and the greatest error we noted, was once about four hundred 


feet, on a true difference of altitude of 7000: one might expect it to be far — 
‘ greater when it is considered what a small quantity one degree of Farenheit 


is on a thermometer. of. eight or twelve inches long. I think that, Dr. 





210 : AN ACCOUNT OF THE 


Woo aston’s improved thermometer will supercede the mountain ‘barome- 
ters altogether. It has every advantage. I may here mention that on the 
20th of June, 1816, when in the snowy pass in Kanaur, it occurred to me 
to put the thermometer to this use, which I did, and the next day, after cross- 
ing over the ridge of the H imdlaya, I mentioned the circumstance in a letter 
to England, and observed the advantages to be derived from it, if thermo- 
meters could be made portable, with a sufficiently long scale. ‘I was quite 
ignorant then of Dr. Woo aston’s instruments, or that a thermometer had 
ever been thought of,as a proper instrument for measuring heights, and in- 
deed it is very strange, how little it has hitherto been applied to the purpose. 


4. Tue chain which was used as a standard of comparison in the mea- 
- gurement of the base was made for me by Troucnron. It is of steel, 
one hundred feet in length at the temperature of 63, and is composed of 
twenty links, each being five feet, they are strong and little liable to bend. 
Tt has the usual apparatus of forks and pins to keep it stretched, and index 
plates, intended to be fixed to a stand, to mark the termination of each chain’s 
length. I much regret that I had not two such chains, that one might be 
‘used in the measurement, and the other kept as a standard, but as there 

was only-one, it was thought best to use it only as a check on the cedar 
"rods, nn 7 


‘Tu above are the principal instruments used in the trigonometrical and 
“astronomical operations of the survey, intended to determine the positionsof _ 
- the snowy peaks, but in tracing the numerous routes, and filling up the interior 
' of the map, various instruments, adapted to the purposes, were employed, 
of which it is not necessary to give detailed descriptions. 
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I spaux here conclude this introductory notice, which I am aware is al- 
ready too prolix, and that from an arxiety to exhibit, as well the advantages 
we enjoyed, as the difficulties to which we were subjected, in the course of 
the survey, several repetitions occur: still I hope these will be excused, for in 
settling finally, which it is hoped the present operations (combined‘with Cap- 
tain Wesp’s) will do, the heights of some of the principal Himdlaya peaks, 
a point, on which even so great an authority, as Dz Humpotr, -has fallen 
into error, we have imagined, that we could not be too explicit in desertb- 
ing the instruments, and in detailing, not only our original observations, and 
the methods of calculation, but! even the several steps, af the process itself, 
from which the results are deduced. We have been aware, that it is orily 
this full and candid disclosure, in which many things are niet with that 
might have been glossed over, tat can give a conchusion of so much interest, 
any weight ; and while we deprecate the theorists pronouncing! too decided- 
ly on the value of results, which may appear to him, niuch ‘too discordant, 
we feel confident that'in the eyes of the practised observer, who: will consider 
the nature of our instruments, and the difficulties with which we had to 
. contend, these very discrepancies will prove our strongest claim to his 


t* 
‘ 
! 


confidence. 
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Observed Latitudes of Stations. 
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Latitade of the Cade’, —Continued. 
By Lieutenant Hersent. 
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o +f 
The latitude by Sirius is, $0 50 21-E 
“Polar Star, 226. 
a ly Hib 
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Antares, ,. oovee eee 
@ Herculis,...,...... 
@ Ophiuchi,......... 
y Draconis,.. Coccepes 
@ Aquilw, ,,.3.. 055. 


Place of observ. S. 
of Pyranid, ; 


a Hydre, ORR OEnD Bees 


Pegul¥s, ,, ...... 
Spica,,... so eeees. 
Antareb, .......... 
Regulus,..........) 
a oe wheat wees 


0 Ophinehi, . eo cee ee 
B Urse Minoris,..... 


Latitude of the Cheér“,—Continued. 


a Sun or Star.- on With what Instrument. 


30 eo 93:7 Reflecting Circle. 
11°5 


















. a ee 
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Latitude of Bairdt,—Centiaued. 





Date. With what Instrument. 





Sun or Stan | 











1817, April, | 2. @ Polaris, ...sscceees Reflecting Circle. 
y Ursa Majoris,...... 
@ Ditto,......cccees 
n Ditto,.....cc-eeee 
y Draconis, eocvecvce 
@ Hydra, .. eco. wee 
Antares,..o..se-0. 
@ Libra, .......00.- 
Regulus, .......06: 
a Serpentis, .........0. 
® Urse Majoris, ...... 
y Ditto,.....ceceses 
nm Ditto,.......eeeee. 


| Y Dracenis, ......... 






o ‘ 
. 
x * 
Sg Rm egg E-SERIES ED TOTTI 


4 a Ursa Majoris,..... 34°9 
@« Polaris, ..........- 30:3, 
y Ursa Majoris, ...... 52:4 
6 Regulus,.... eeouse 10°S. 
a Urse Majoris,... .. 30'3 
-B Urse Miooris, Coase: 27°5 
a Polaris, eve erteevces 48°3. 
Y Urse Majoris, © @ 0-0-0 38:7 ’ 
a Ditto, eee es oee-+ Oe PR 56°6> ' 
8 SDICAs 3.css ae aad 62°). 
Regulus, .......00. 31:1 
& Ursz Majoris,...... 30°4: 
a Polaris,.. ©0000 06-0000 24°6 
A " 16°3 
33:7 
29°9 
aA Urse Majoris, e-*-e o-e 32°7 
; wn Ditto, .... eneseoee 48°1 
9 : & Hydre; eooeoe 0 0ee 14°7 
; Regulus,...... ++. 31°2 
; a& Libra,...... ee eee 94:0 
14 a Serpentis, e - eo =e 36°9. t 
B Ursa. Minoris, e- os8ee 43°7 
15 a Urse Majori#,... .. 41°3: 
16 Spicay cocecececcce 49:8: 
B Leonjs, eevocseecoos 11°3 
a Serpentis, ae ee oe 07°3 
a Ophiuchi, © e8 ewreee 42:3" 
8 Urse Minoris, ...... 53:8 
a Polaris, ..+. erecoese 25°) 
29°! 
n Urse Majoris,. eeoene 24°83: 
17 


a Hydra, .... esgenee 


3K 
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Date. 


1817, April, 


October, 


17 


24 


25 
Q7 


29 


AW ACCOUNT OF 


Sun or Star. | 


cr 


SPICa ys ésae saw sewn 
Regulus,.......... 
B Leonis,....... oe 
a Urse Majoris,..... 
 Ditto,.........0.. 


-Mean, 


4. Surkunda. 





y Pegasi,..... cavern’ 
« Cassiopeiz, ....... 


‘ a Polaris, ....... a 


San‘s upper limb,. .. 
a Cephei, m@eoeeeves eo 


y Pegasi, ....-csseee 
a Polaris, ...... 2.6. 


Sun’s lower limb,. .. 
@ Aquarii, .......02. 


‘ ¥y Pegasi, .....seeee. 


& Cassiopeiz, eovecevecce 
a Polaris, ...... 0... 
Sun’s lower limb, ..... 
Ditto upper limb, .. 
@ Cygni, ....0.s0000. 
a Cephei, .......... 
Sun’s lowerlimb,. .... 
@ Cephei, a ee 
@ Pegasi,.......... 06 
y PegaSi,....seceecs 
& Polarjs,.... opps 20 
Sun's upper limb,... 
Ditto lower limb,... 
Ditto Ditto,,...... 
ge Cephei,...... .00.. 
@ Agarli,.....,5. oe. 
Sun’s lower limb,.... 
& Cephei,.,,., eepe oo 
@ Aquarii,........... 
& Pegasi,. cess secoes 
ow Ditto,...... eee veee 
a Polaris,.... rer 


Mean, 


THE 


Latitude of Bairdt, —Continued. 


° 


30 


RAPER GS EDL ED 


80 


i 
t 
f 
{ 
1 6 
34 04:4 
350 
29°6 
442 
35°9 


34 262 





‘ 7 
24 27°1 
01°0 
13°0 
23 56°3 


24 35-0 | 


09-6 
23 448 
' §30 
24 000 
' 192 
23 57:9 
24 01-5 
23 59:0 
51°8 
58% 
24 18°83 
23 51°3 


4 198 


30 


23 551 
4 09°! 
00°3 
23 516 
' 53-2 
56°6 

24 20°0 
93 56:2 
51°5 

24 145 
23 53-9 
24 203 
16°8 
09:9 





24 046 





| W@h what Instrument. 


| Reflecting Cinele. 


Reflecting Circle. 
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| | | Latitude, —Continued. 
| 7 5. Wharts, 
| aaa et eee tae : " esac 
! Date. Sun or r Star. | eh tt armen With what Instrument. 
| 1819, yune, 47; i LADIRy caiec ste sees 31 14 44-7 ReGecting Circle. 
1 B Urse Minoris,......] - 40:0 
| 18. n Urse Majorjs,.... | 456 
‘s 7 Ditisscscacces-oiae &1°8 
Ditto, . eoeervqtsere ge 34'8 
. Ditto,. Coe 00.0.9 a8 P 43°7 : 
« Libre,.. eeveecoeeen 312 
Ditte,..... cere $22 
DiktO ses én teens 23:2 
es aes £€ Urae Minoris,,...,. ; 38°6 
OG oS ; '  39o9 7. 
50°6 Fe oe ; 
ne Serpentis, ,....06.- = 
22 g Uisa Minorie,...... 
& Libray.... 0 caecen- 7 
> ' t 2 
27 | t aot i 3 
f& Urse Minoris, ..... 
} z Libra,..... @geeawee ; - 
arene | eae { 
Mea. t- g1 14 38-0 |” ee a 





RECAPITULATION. es 
1. Betville,...,ty Captain Hopéson,......+ 0000 2 57 oon ™ 
— Lieutenant HERBERT, .. eee ee: s 118 J 
2. ° The Chir’, .— Captain Honason, .. .... ... . 30°50 137°. 
os .  — Lieutenant Hrrgert, (Sextant)  23'5 


— Ditto, (Reflecting Circle) °° 18°3 
3. Bairlt,,... .@eed ,@@eee @®et@ . eee 80 $4 2693. 


4. Surkunda, . @eoe ‘ oeoee “¢@0 vo 30 24 046: 

5. ree, ee @eeee @e¢ne . @ eee 3] 14 35:0 | - 

. Me us & sae ee ae : ae 3 
. ; 





933 AN ACCOUNT OF THE 


Longitude of the 1st. Meridian of the Survey. 


ea TE 


Tue methods resorted to for determining longitudes being rather less 
susceptible of accuracy than these for determining the latitude, it has been 
deemed adviseable to reduce all the observations, made for the former pur- 
pose, to one point. Having thus obtained a mean result, the differences of 
longitude of the various places, of the survey being applied to it, their 
absolute longitude from Greenwich becomes known. 


Ir is not our purpose here to enter into any comparison of the relative 
degrees of value, which the several methods of determining this point may 
possess. It may be sufficient to state, that finding‘in practice, the immer- 
sions and emersions of J upiter’s satellites, as compared with the nautical 
~ almanack, afforded us very close results, and being in possession of instru- 
ments fully equal to such a course of observations, we have naturally 
leaned to them, not omitting however any opportunity, when in a con- 
venient place, of making also other observations. It would be no doubt 
desirable that these should be compared with others made at a place, the 
longitude of which is well known. This however cannot be Greenwich, 
: because the number of immersions and emersions visible both in this coun- 
try and.at Greenwich .is very. small, and of these, few can be observed at 
that place, owing to the uncertain climate. Madras therefore naturally 
presented itself as more properly adapted to this purpose. The seat of an 
observatory of the Honorable Company, its’ longitude must be known to 
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the greatest accuracy, short of trigonometrical certainty, and the differ- 
ence of. longitude being so small, while the climate is equally favorable, 
there was a likelihood of finding a corresponding observation for every 
one made here. ‘Ft was with these ideas, that a list of a number of the 
immersions and emersions of Jupiter's satellites, was forwarded to the Com: 
pany’s Astronomer Mr. GoipincHam, who very readily furnished us with 
his own observations of the same phenomena. <A second list was after- 
wards sent, but his answer has not yet been received, and as in the first the 
number of observations is in no degree comparable to the total number 
made, it has been thought most adviseabfe for the present, while waiting 
a more correct determination, to present here the results obtained froma 
comparison with the Ephemeris. It is to be noted, that whatever error 
may be occasioned ‘in the longitude, as deduced from emersions, owing to | 
want of power | in ‘the telescépe, will be counteracted by an equal error 
in a contrary sense affecting the immersions—so that supposing the tables 
telerably correcta mean of the results of emersions and immersions, will 
we think be found not far removed from the truth. 


Tue Meee of Iongitade are in most. cases found either wholly, or 
the chief part, trigonometrically. “Tn a very few instances, and for very 
small | distances, the route survey checked and corrected, is necessarily 
taken. The error in this part of the calculation can in’ no single case 
amount even to 4 and on the mean must be insensible. 


-* 
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1814, 
1817, 


1818, 
1819, 


1820, 
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Inmersions of Jupiter’s ist. Satelite: 


oe ee 


April, 


May, 


April, 


June, 
July, 
May, 


is 
17 








on 

Place of Observation. L Moraes. 
Nooo” 

Sibiesssihinsairsiannssgetsiobioas 5 09..42 

COUR. 2 sewn be eAaa eee wes eeiecetexe ane 5 09 56 
Sicrt, cere eecee eee geese sene ores eeeory 5 O9 20:9- 
Khursdl? on the Jusnna, . jaa eebieeus 5 09 29°6 
Reital on the Bhdgiratht, .... cs. sees 5 09 48-0 
Ditto ea Ditto, .. Coe errr ereors C008 5 00 54°5 
Chacarwards.....cceccccscvescceccvace § 09 52:8 
NGNORS 255550 Bihicceiiuieis Sas SEO areas ws 5 09 38:3. 
Bel in Jounpiér, ....ccccscsccccsaccene 5 O9 21°6 
Kalst, ».... Lise pisneie Galea ee Sewanee ee 5 OF 26:5, 
Saura on the Tonse, ....ccccessrceceres § 09 500 
Rotghery ovcevsvcvvcccscesccscsecsscne § 09 48-2. 
Bysuli in Bangerh, 0.0 sccccsaccveece & 09 52-2 


Nyural in Bamand,,. . 


Mean of 14 Immersions, 


ee eee@eoevve 8 eevee 


Emersiens. 





a 
=| 


a a a cl a 


1814, 


1816, 
1817, 


1319, 


1820, 


April, ° 


May, 
Jaly, 


August, 
May, 


June, 
August, 
September, 
October, 


: August, 
September, 

October, 
November, 
December, 


November, 


25 
2 
18 
13 
30 
l¢ 


21 | 
9 


17 
13 
30 
21 


Déhra, ee Coe rece esecteccons @eeeeeesoe 
Bhadra, Coen eeece SHS eeesreeeeoees 8088 


Belville,.... CORO COO EH OTs OES ODES OrHe 


POP oly; 


Nahan, CO GC+S DOC OCHGOH BOSE BOHRAEHOCHES 


Trandch in Kanaur, ©0086 @ee @ 


ce seeeeden 


Stibhea, ccc sccvcesesvevccsccscevecs 
Nyural in Bamand, @eeeeeoe @ phen 


Déhra, COCOA OO CHE Er eee e Ode OOLEEOCD® 
Beloilley.ccevccesesessvecssenssccese 
Déhra, Ss Ne haa a de 
Kotgerh, . . 
Rontan on the Paber, ....sse00e00. 
Nako in Hangarang, COCs Boers esereccoe 
Sunnam in Kanaur, 2 oe cove eecone ce eeoe 
Nakar in Ditto, cre deceesec aces cccces 
Nirt on the Selle, ee oeerereeeoe 
Kotgerh, .22.0cceecscccecess eevee cece 
Koté in Bagal, .... e000 wee seeee 
Saharanpur, COPS HHOH SER OCEHEO LE OEE OLD 


Mean of 25 Emersions, 


ial oe ROEM BIR SESS OOO Eo are 


‘aged by 25 Emersions, 5 10 05:9 


14 Immersions, 5§ O9 41°9 





AM aa Go Ga a or a or oF Gr Ot & OF on & OF OF Go Gm 


10. 31-2 
10 18°3 
10 112 
10 13°$ 
09 45°9 
10 03'8 


s 
6 
on 
ae 
ee 


10 04:1 





qQ 


° 
Mean longitude-of Ist. Meridian, 5 O9 538°0=-77 28 28:5 


or in even numbers say, 


0 a an 
77 28 30 
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_ An account it oft the 'mearurement of a Baw Line of 2) 154: 8 feet. 





ee I Us I a Se | 
By Linvtenant J D. HERBERT, Sru Reet. N. I. 





wo eave t 


Capra "Hopcsox ‘having § in : ius precede ne to me for an 


hee ER EMS 


account of the ) Manner in which, the task that devolved on me, (in conse- 
quence of his bad, state of health), of measuring a ‘hase, has been execu- 
ted; I propose in what I have to say, first, to give a brief description of the 
instruments and methods of ‘using | them; and to subjoin a table containing 
the particulars of the measurement, with the resulting length as properly ree 
duced. These are to be followed by details of a small tjangulation, founded 
on the base; ‘with the length of one of the great linea determined therefrom, 
lw the execution of this measurement, I had to obntend with great difi- 

| culties; owing, to the want of ascistince. I am ‘of opinion however that 
the error of the measurement, does not exceed two feet; an uncertainty 
which will only affect the distances of the most remote peaks, by ‘about 
sixty or seventy feet. As the fruit of my experience, I may mention ; ; that 
I would not attempt a ‘similar operation with wooden rods, without such 
metallic additions; as should detect and’ register the alteration in their 


length, arising from atmospheric changes. 


It may be dina that witha ‘chain soil as has been decibel’ in Cap- 
tain Hopeson’ s account of the instruments, there was required little cone 


sideration, as to the mode to be followed—all that was necessary, being to 
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have coffers and stands made for it. But the employment of the chain i in 
this way would have evidently consumed an immense period of time, not only 
in tlie operation itself, but still more, in the pyeparation of the coffers and 
stands, the latter requiring to be made with elevating screws. This alone 
was a sufficient objection ; 3 ven supposing the great ¢ delay it would have 
caused, none. For in this remote part. of ihe country one such stand 
could not be properly, executed, if at all, without incredible difficulty: 
‘What then would have been the case wien there were twélve or fourteen 
to ‘be consttucted. | ‘To this must be added the consideration, that I was 
alone i in' a work which requires at least two to execute it ‘properly:. “From 
the ‘beginning therefore I relinguished the idea of employing the chain— 
except as a a standard of comparizon, for which purpose it was invaluable. 
2. Wuen I had rejected the chain it appeared that the best substitute 
would be a set of rods ‘constructed of pine wood; the comparative unalter- 
ability of which has been long known. Such rods have been employed by 
some philosophers in the measurement of a degree, particularly by La 
Camuz end General Roy. It is true that General Rov rejected the 
measurement made with -them, i in consequence of the changes which he 
‘found the greater or less quantity of moisture in the atmosphere produced 
in their length, yet when we look at the small error which &@ re-measurement 
of this base with glass rods detected, we shall be satisfied that for the pur- 
pose I contemplated, pine rods are capable of sufficient accuracy. He 
found the difference between the two measurements only two feet, and this 
in a distance of 5} miles, and I certainly thought so stiiall an error as this, 
could never be alleged as an objection to the success of my operation. 
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indeed: I-had laid it down, thati€ L.chitd obtain a degree of accuracy, which 


would. leave not more than an ‘uncertainty. of onefoot in 5000, it would be ag 
much as I cowld:hope for, and'siifficient.to ensure all the —— for the 
trtahiaent non en was undertalien.. |. 
Ks tts “bought a ' MEERA Poe are : 
is a anaes ‘was to seulein ovhiat:mcenier'the ‘rods: were to” ee 
éonstructed.. *Phis way of course tosllépenil a.gopd déal on the. nature.of 
the stands whichcould: be obtdinedc’ Geheral-Revs.tods were twenty. feet 
in lerigth, and trusged. ventidally,:ehdJaterally te-phevent bending—pieces _ 
of ivory, with fine lines drawn on them, being inserted.in the extremities for 
the purpose of making the contact perfect. The-method of contacts was: 
however founds consumé toomach time, and metal buttons projecting from 
the ends of the rods—were made to butt againat each other. In using rods 
ef this description, heavy starids: wit. elevating’ screws were indispensible; 
These I have-already noticed were gut of the question,: and: therefore this 
mode of-construction wai ecesaiily: abandoned. “ Foresteing from. tha 
first, the great time that it-would ‘cost'to- prepare stands of any description, 
Thad contemplated. the possibility of doitig without thet, azid-in the follow. 


{ng manner:—Supposing a muimber ofestout pickets detven into the: ground | 


at distances of twenty-five feet, I thought a reiiuf this-length, well tradegd,; 
and furnished with points, forming in some! measdre: @-Inrge beam-eom- 
pass, might be used’ for setting off wtcurdtely'thlsteagth from picket to 
picket.” This method! would have been suffictestly-éxpeditious;.and would 
have required hardly any apparatus; but ommature consideration I feared 


- it would: be attended with. more: ‘ercor than: ig, allowahte. - The’ measure- 


ment being’ conducted go meas the: ground would: have eccasioned great 
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Gnehsiuces inthe position, and it fd well known how ewential ari easy position 
id to correct opérations of dvery kind. In using:points too fer laying off the 
length of the fod, it was evident, that'a litle unsertainty would provail. 
The great length would hent. made it aleo unwieldy, and where the position 
of one of the points was necessarily to depend on the intelligence, and care of : 
4 native, it-wes feared. thet much aocuraey could not be expected. This 
\ tog Wes thetéfore atinadoned, but J have thought praper to ‘notice it hare, 
- fot only to shew the difloultios I:bad to'contend with, bet.alao as thinking | 
it niight be found ‘esefal on other decasions, where only a tolerable degree 

ef corvectmevs nay be desirably, © ge i 








i 


: gf -Aornoven T-saw the ‘inconvenience of points, acting as I wag 
- Without e-cokdjutor, yet I did not immiodiately give up the pickets; indeed 
thé objections and didfooitiss that interfered with any plan depending on 
Aaside,- were stromg endtives to do if posible’ without them. I therefore 
Sénsidered, if the wiethodby ‘pickets might not he so far modified as to be 
executed ‘by contact instead of points.. I recollected the apparatus which 
the French philuaopleets ‘had employed. ea. cimilar occasion, where they 
had used metallic revit p bined im u tine; but aot ia actual contact, the shock of 
the better being mumppiasiell Hisdly tacaese considerable errora. To determine 
the distanchs of the rode-or nulem, there were small slips of metal sliding in 
prooves called by Haein. Juengneties, and furnished with verniczs, by means of 
which thay could determine:the exact. quantity. between the rods to the 
greatest ‘nicety: suk an apparatus 1 saw was.applicable to wooden rods, — 
supported on’ pickéts, placed nearly but not. quite im contect. In this 
' way the position wrorild ‘be nude ensiety and, the apcuracy of the work 
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depend lew en it, Indeed sa anaxcaptionable did thie plan appear, that 
] determined at once te empipy its and the analy motives thet afterwards 
jaduced me ta change my mind, were, the inanfficiency of the seasoned 
wood, Thad brought down from the mountains to construct three trussed 
rods of that length or even two; and a ltope, thet by another methed which 
I had just fallen on, I should be enabled to get through:the work. still more 
expeditiously than by this, particularly as I should lose less time in the 
‘preparatory operations.> This. new en eee eae the one finally 
eee HAD ooh Ga 
 §. Gatien saiieniaeisiea’ was {0 consisnpt; eeneides 
apparatus, wae twenty-se faat in:length and about, six inches, by foer, ft 
Deodard,* the wood of which the mauniaingsss. consider indsstractible 
 fit-had been taken out.of'a dwdlling-howe which hed éalJaa inte ‘decay, and 
es the houses in that.part of the country last a-very longtime, this piece, 
which had served as a beam,:could berdly fall of being. rel].seasoned, 
Being 80 small however, it was quite out of the question to have more 
than one trussed rod out of it, and 98 J aew that with less than three rods, the 
fmeasurement could not be: depended on, I resolved fo dispense with the 
trussing, by which raeaps I should have four of twenty-five feat each, making 
_ one —_ feet or an equivalent to the chain: A rod twenty-five feet in 
length, and 1} inches by 4}:(as I »was obliged.to canstruct it), it may 
be — conceived, must be —! tco —— It was therefor 





* Tus is sadonbtelly the Pinus Cedrus os o Gt oF Lebanon, Hongo . : i 
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necessary to haye them supported at distances of 6} feet.’ -The plan Thit 
on for constructing these supports, was I think happy, allowing .as it ‘did, - 
great facility in Jaying and adjusting .the rods of: the same hypothemise; 
being favorable'to expedition, requiring little art:in the making, rior gauche 
‘timber, nor even that well seasoned, and above-all, _— such as. cn be 
quickly comsiructét | PE nae ee ee Be ee | 
to Dede er ae ee. . 
6. neil sunhentih esta 4 and 2.. They consist 
of an upright, of from six inches to three feet jn Jength, fashionbd Fquare, to 
within two inches of the bottom, where it has six equal faces: on the alternate — 
@hes, are insefted legs at right angles, imall: three; and these legs. age each: 
_ armed with a strong fron prong: for taking hold:of- the ground, when laid 
for the rods.“ These uprights are-about three inches squaré and there isa 
levelled groove on ‘one face, reaching nearky the whole Jengtir in whieh 
- ides loosely, ‘a ~picoe,-htiving its upper end fashioned into a fork (fig, 3) 
the prongs’ of ‘this fork are broad, but ‘short: aird: — about: three 
| inches. Te isnt ff that the rod ie torest, 
"Tas fei fork: is to be steadied; when brought to. the proper height 
Pi means of thin wedges driven between it, and the sides of the groove 
im whictrit slides, ‘Phe uprights being ef three sizes, six, eighteen and thirty- 
‘six inches, and the ‘stems allowing of a:correct adjustment to all the interme- 
diate heights, it is evident that.these supports are equal to all the inequali- 
ties of ground, that can. possibly occur, and this I found to, be the case,. car 
‘rying on many of the hypotirenuses to 1000 feat, and thison a surface 80 
very unequal as the Din, the fall of which too in four miles 3 is eM 
three and four hundred feet. 
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& Tue rods which are-rectangular prisins twenty-five feet in length, 
and 1} by 14 inch; were mieant to'be placed in pairs; the two pairs being: 
separate, and one remaining fixed, while:the other pair should be brought. 
_ forward. To support each, pair of rods, nine stands were, required, being: 
placed at distances of 64: feet. Thus for the four rods, were wanted: 
eighteen, and nine to be laid ready’ for the rods that were to be next brought’ 
forward, to which adding ten thore, fivé large and five sthall-for uriéxpected: 
inequalities, the total number is thirty-seven, ‘Though thie bea large num-; 
ber, yet the quickness with which they are constructed; more than niakes: 
amends, so that where wooden rods are’used, I do bélieve:it to be one of the: 
most convenient methods of supporting them that I: have any ———~ of, 


9. Tue rods which formed the pair, were placed interlocking (fig. 4) 
the ends being cat to allow, of that arrangement. But the pairs being 
placed separate, 80 as to allow of having a fixed point on the grounds; 
required some means of measuring the distance between them. I adopted. 
the same method as that alluded to (art. 4). ‘The fixed or hinder pair 
had attached to their anterior end, a brass cheek projecting 1 inch beyond — 
the wood, to which, it was secured by two screws, passing through the rod, 
and clamped with nuts, The fore pair again had attached to their upper 
surface a brass plate on which a groove was fashioned, a slide moved 
freely in this groove and could be pushed out 80 as to touch the fore edge 
of the brasd cheek belonging to the hinder or fixed pair of rods. The 
quantity being measured by a Nonius. THis apparatus is represented 
by fig. 5. 
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10. ‘Tz rods being so long and thin -were necessarily extremely 
pliable, 80 that supposing the forkeil slides of the stands to be laid quite _ 
correctly in the hypothenusal plane and the rods consequently adjusted. in 
one sense, still it was by no -means likely they would be: correct with.” 
respect to the vertical plane; without which it is evident the distance be-- 
tween the extremities of the rods must.be'continually changing.’ To guard | 
against this error. a brass wire about ,. _of. an inch diameter, was stretched 


along the middle of the rod, sufficiently light to leave no doubt of its 

straightness of direction. ‘At convenient distances small flat bridges were 

attached to the rod of the samé height as the wire, and in their middle a 
narrow groove of about + -of an inch. The rod was easily’ brought into’ 
such a position by means of small wedges pressing against the prongs of 

the forked slides, that the wire lay freely in this groove without touching 3 
either side of it. ‘The rod was then known to be straight. ‘This wite 

had also a second use, and no inconsiderable one. The forked slides were } 
to be brought i in to ‘the hypothenusal plane by a boring telescope, placed 
on the hinder rod, the adjustment being made. by means of a small cross of 
wood, the transvarse piece of which: was fixed at exactly the same height 

as the cross wires of the telescope, when placed on the rod. But it was 

found that this manner of adjusting the — was not entirely satisfactory, 
as there was always a trifling deviation in most of them. The reasor of this. 
will appear evident if it be considered that the slides being raised or depressed 
by jirks, were necessarily very difficult to be got quite correct. This difficulty 
_ had been foreseen from the first, and indeed the chief object of the wire 
--wastocorrect this defect. Although it be certain, mathematically speaking, 
that no wire or cord stretched between two supports can ever be perfectly 
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even or free from: a slight bend downward: yet when: the tension is great, 
and the weight of the string little, its deviation from the line joining: its two. 3 
extremities, may’ be so ‘small, as to be inappreciable by sense. The brass 
wires already mentioned were thin, and they were stretched by a weight a 
little short of the maximum, they were capable of bearing, They may. 
therefore be supposed to have been rectilineal.* The-small bridges alreag., 
dy noticed being of the same height as the wire at its extremities, and the. 
groove allowing of the wires being depressed in the case of the rod lying : 
uneven, it was seen immediately by the position of the wire, whether. the 
rods were: situated: in the: intersection of the hypothenusal and: verticab - 
planes, and if not they were easily brought into the required position by~ | 
means of the small wedges already noticed, applied. under and on either: 
side of them. Perhaps it will be said, that this method was troublesome: 
and consumed time; no doubt it did: but certainly not so much, as the em- 
ployment of trussed rods. and’ stands with elevating: screws would have 


_ done—and indeed wher my people began fairly to-understand what was 
_ meant, T got through the work quick, and found on passing along the line 


of rods hardly ever cause to touch the adjustment ee Fig. 6, — 
sents this contrivance:on a large scale. 


WM. Ir has been already noticed Row small:tlie error of pine rods was 
found by General Roy. His method however of comparing the rods, 
several times during. the day, with. a standard, was in some measure 





* Axruoves the truth of this be evident, and that it was confirmed by experience, yet it may be well 
to notice here, that supposing the wire to have fallen in the middle, below the straight line 3 of an inch, 
which it certainly did not,,the esror in the length of the rod would be-enly 4,',5 of an inch. 
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the reason As.I had neither the facilities nor the fumds to allow of 
my: conducting the operation: in the same style, I saw that some check 
was required, to guard against any very great change in the length of 
tle rede. To: compare them several times a day, would have been a 
means of delaying excessively the operation, especially as having no 
one I-could depend on, to afford me any assistance, added to which, I: 
hadino materials of which to construct the standard rod, except: wood, andi 
then Ehad no. means of guarding it against the effects of the weather... Itis 
true there was tie chain, (and am invaluable standard of comparison it: 
proved); but to have compased. the rods with: it.daily, even once, not to say. 
several times, would-have caused.so much delay, ae nust-have: deprived me 
of al] hopes of finidhiag the werk, within any reasonable: period. To lay: - 
off the-length of the chain. it was necessary to insert firmly into the ground, . 
a.draw-and a weigh post, and this consumed much time: again. without _ 
stands and coffers, it.waa the-work of half a day-to.get the chain correctly 
laid. It- was indeed a consideration of these difficulties, that made me 
originally abandon the idea of using the chain in the measurement, and 
yet-in practiog, I found them much greater than I had imagined. As 
therefore it was quite out of the question, comparing the rods often with the 
chain, I thought of the following plan of detecting any changes in their 
length, axteing from varmtions of temperature or humidity. 


12. Te original idea of this plan:was unexceptionable, and if it had 
been executed, would have stamped the measurement with every appear 
ance of aciiiady Unfortunately however I was tempted to modify it, in 
consequence of some difficulties that occurred, and by this modification an 
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uncettairity® "hes been: oecablotied,- srnalt: it is: true, but still eveatér’ than 

need have Idem. :My first idea’ was to attach’ té the wooden reds, thin 
fron’ or brasy-alips, ether of ‘an -eqtat length of something shorter—by 
meats of-which;. anid: a‘ thermometer, it might be seen whether and how 
much: the wood had been affected in length. - The modified plan: was: to 
construet'a-machine; which. f afterwards distinguished by the name’ of a 
| comparator, and by niehns of whiali,-F thought.the:changes: which the wood 
might undergo, would bedétected-with as much certainty a3 those in metal; 
‘by'means‘of the. thermonieter. Ly forming’ this judgment: F overlooked 
however a very essential differeace—the homogeneity of the riiétal, and’ the 
want of that quality in the wood, which circumstance causes so much un- 
certainty, that judging from experiencé E'would-say, that no two-piece of 
wood will lengthen’ and cotitract in the same manner aiid’degreé’ for any 
length of time. Fig. 7, (Plate II.) gives.a view of this‘ edmparator, a8 3 
finished, and figs, 8 and 9, explain certain —_ referred to, iti:thie _— 

ing description, 


13. Ir consists‘of a frame of wodd, supported on four legs; strengthened 
"by cross pieces, go ‘that in lifting, no alteration of figure takes place. Té 
. this frame is screwed a wooden piece-eight feet in length, and of the same 
thickness and breadth of the measuring rods, represented by’ figs. 8 and 9; = 
To it is attached, ahout an inch above it, a brass cylindrical rod of the same 
length, by-brass rings-which screw into‘it. To the last’'ring marked a, the 





. * Anovut two feet. 7 
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brass rod is firmly fastened: in the others, it plays loosely, and is free to ex+ 
pand or contract. The end b has a pin c passing through it vertically, 
which presses against an index of brass.d, that moves over a graduated arc, 
and thus points out the alteration in the relative lengths of the wood and 
brass, from time to time. ‘The absolute change of length in the brass be- 
ing known by the thermometer, and the received'rates of expansion, it fol- 
- Jows; that the actual change of length in the wood becomes also: known. 
It.is hardly necessary to mention, that the wooden piece A B is only fasten- 
ed at one end, being: free tn. comtract or expend between wooden studs that 
prevent its warping. 


V4. Tue ladex dj hept up to the pln, when the brass is contracting; 
by means of a small spring, which in every situation keeps it in accurate 
contact with the pin. The point where the pin preases, is within } an inch | 
of the centre of motion, while the index extends 12 inches beyond it. By 
this means the minutest changes are discovered, being increased in a ratio 
of 24 to 1, and such was the sensibility of the instrument, that scarcely for 
10 minutes did the index ever remain stationary, This instrument I called 
a comparator, because it served to compare tlie length of wood, with that of — 
brass, and therefore to detect any changes in the former: As the wooden 
rod of eight feet (A B fig. 8), was cut out of the same piece: of timber 
as the measuring rods, I did at first imagine that % would prove a very 
satisfactory means of doing away the objections to wooden rods, arising 
from the effects of the weather in altering their —— The result was 
not however answerable to my expectation. 
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_ Wb. Tue remainder of the apparatus, consisted of a plummet and tripod, 
_ for marking the point on the ground, where the measurement left off, and 
allowing it to be found readily the following moming. Fig. 10 is a 
representation of this. The'‘piece A B being moveable in the direction 
of the groove a 5, and also turning readily om the screw -c as a centre, 
was easily brought into that.position,.in which, a notch cut im the piece df 

ivory, d, should correspond exactly with the wire of ‘the plummet suspend- 
ed'in water, and: hanging from te tripod of a theodolite, placed in advance 
of the rod. ‘The distance of the wire from the rod was determined by 
means of an ivory scale. This plummet was also. useful, when it became 
necessary to rise or fall at the commencement of anew hypothenuse. 


16. Tus flags which were used to align the base, and the pickets whieh: 
were put down to mark every 500 feet, had nothing remarkable or requiring: 
description. The flag staff (fig, 111). 483 feet in height, which marked one. 
extremity of the base, consisted of two pine spars perfectly straight, and 
joined together by means of an iron collar. Ht had four braces to set it 
truly perpendicular, which was done by means of a plummet weighing two 
pounds. When adjusted, the stress was.on. the braces, and. not on the. 


stags.. 


17. ‘Fuese comprised the whole of the apparatus used, with the excep- 
tion of the boring telescope, which ‘was one, having a power of about six, 
with cross wirés. The theodolite mentioned in the account of imstruments, 
was used: in determining the inclination of the several hypothenuses—the 
observation being made on botl faces, and the circle in the alignment of the 
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base. -As the instrument answers as a transit, and is well known, there is 
en 


age | a op fue (. sg \. 


tly 


: 18, : Tas base ‘having been: alighed: aad: eleared; asd nani 
numbered regularly, driven into, the ground, every 500 feet, I. commenced 
the measuvement-on the 2d: February, by: Ipying the first pair of rods in 
contant; with.the wite of a. plummet, brought carefully over a: peint an the 
picket, marking: the extremity of-the' line. : 80. many difficulties attended 
the operation at titi early-stage, whilenone of my people understood clear 
by. what was requited.feom them, that.to lay this first pair of rods occupied 
me nearly. an. hour, although afterwards, when more. perfect, ten minutes 
| generally sufficed, and frequently the pair was adjusted and entered in six mi- 
nistes. I found that: b waa.even myself:a little confused at first, before I Had 
completely settled:the arrangement, by which Iwas to proeeed in the different. 
aperdtions which:.I had to perform. For: these reasons I was not sorry to 
find:afterwards when I came to observe the angles, that it was necessary to 
reject .emall piece at the commencement, I had, after marking out the base, 
wished ‘to add to.it. This. piece was remarkably low, the declivity being 
abont 5,.and..whea the circle was.set up, it was found impossible to view 
the flag staff at the other extremity. In the first instance, the base had. 
been marked out, and the extremity fixed, as finally chosen, and in going on 
with the measurement as commenced fram a point 450 feet back, it was 
most carefully noticed, by. what quantity, the end of the last of the rods fall- 
ing here, overshot the large picket, which had been driven into the ground, 
te mark the originally chosen extremity. The measurement of this 450: 
feet, which compreliended-more difficulties than any other portion of the 
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‘pmenbnntid of exercise, to fristruot wt fully it the nature of what 


was: to be done, aad enatited mie to determine precisely the method, in which 
Iwan to carry on the operation. As it has beemrejéoted, thereis no occa: 
tion to give’ tite details; bat I thought proper to notice’ the circumstance, 
te shew that: witen: the line finally chosen, was actually commenced upon, 
we: kad!aequired: some degree of practice as well-as confidence. 


| iQ. Brrors entering upon the details of the measurement, I may 
briefly notice:the order in-which the several parts of the operation were per- 
fermed. A. cies of. clean fir 34 feat in height, was first set up at the dis- 
tance of 500- feet, being. placed .on-the picket, in advance, forming a point. 
inthe alignment of the base. . Tlie starids-were- then ranged as near as 


" the eyé. could: judge,. im the. diréction of it, and their distances regu 


lated by.a rod of the proper: length: by means of a:small stick of fir, with a 
cross vane, held By one of: the people in the fork of thre stand; three of them’ 
(that: is the. two: outer. arid rinddle one), were. brought ‘correctly into the 
alignment, with a boning.telescope resting’ on ‘the preceding pair of rods. 
The small stickcarryig. the vane, being: made to cover the cross, resting 
on the picket, by moving the ‘stand to right or left.as might be required. — 
‘The forked stems: were at the same time regulated, as to height, by: bring- 
ing the cross vane, to cover the transverse piece of the cross on the picket, 
which liad been originally. regulated’ to the height, at which, it was 
thought the hypothenuse could be best carried on. The telescope was 
mounted on a wooden bed, which gave it an elevation of about three 
inches, above the surface of the rod. The cross vane of the small 
stick used for adjusting: the forks of the stands, was eet to such a 
VOL. XIV. = 3P , 
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height as was equal to this quantity,+ the depth of the rods. From 
this arrangement the line. traced through the air, and the inclination 
of which was observed, was really above the surface of the rods, three 
inches, but parallel to it,.and care was therefore taken, before remov- 
ing the first set of rods of any hypothenuse, to adjust the theodolite on a 
stand with an elevating screw, 80 that the height of the axis of the teles- 
cope, when directed to the transverse piece of the cross placed on the 
picket, should be exactly equal to this quantity. ‘Three stands out of nine 
(the number required for a pair of rods) being thus adjusted, that is the 
two outer and the middle one—~both as to the alignment and hypothenusal 
direction, the others were quickly brought to eorrespond by means of a 
strong twine stretched along the-nine. The stands being moved to right 
or left, and the forks raisod-or lowered till they were all 80 adjusted, that 
the twine lay in the middle of the forks and barely, toyching them.. The. 
hinder pair of rods were now brought forward, tobe laid on the stands) — 
previously adjusted. Jt has been already noticed in the deseription of the 
reds, that the two pairs were perfectly independent of each other, : and. 
generally one inch asunder. ‘This afforded a sufficient precaution against . 
the fixed or fore pair being moved, in bringing forward the hinder, but to 
guard against the possibility of such a thing, which would. have vitiated 


_ the whole operation, I determined to trust to no one but myself, in a matter 


of this kind, and I therefore never allowed the. hinder rods, after being. 
adjusted, and read off, to be touched without being myself present, at the 

junction of the two pairs, to be satisfied, that in removing them, no shock 
or derangement had happened to the fore pair. In like manner, in laying. 


this hinder pair in advance of the other, 1 was equally particular in secing, - 
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that nothing of this kind had taken place, and this attention, so necessary, 
to give any certainty to the operation, I never omitted. 


20. Tur rods being now placed on the stands, which had been pre- 
viously adjusted, being near the truth, a few minutes sufficed to set them — 
perfectly correct. For this purpose the- same telescope was used, and 4 
small piece of wood placed on the rod; the top of which had the same 
height above it as the axis of the telescope. This was made to correspond 


with the cross on the picket; by means of small wedges pushed underneath, 


or on one side of the rod.‘ Such an adjustment was only required for the - 
fore end of the advanced rod, and for the junetion of the two; the other | 
parts were eae — — by means of the brass wire stretched - 
on them. . < ie 


t ¥ 


21. Tue rods lying now truly on the line of the base, and in the: 
Irypothenusal plane, the languette was pushed out to meet the fore end of the’: 
fixed pair, and the reading entered in the book. The interlocking Nonius - 
of the pair was next read and entered, and then the Comparator with the - 


_ thermometer. "When-it became necessary to change the direction of the 


hypothenuse, and before the last pair of rods of the old hypothenuse had 
been removed, the inclination was observed with the theodolite, which had 
been originally set to the proper height as before noticed. The angle of 
elevation was observed on both faces, and the theodolite always carefully — 

levelled, and as the instrument is capable of measuring vertical angles to a- . 
minute, there can be no great chance of error, involved in the reduction, 


depending on this element. 
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22. Iy leaving off the work in the evening of each days ii was of the 
first importance, that the point indicating the termination of the day’s mea- 
surement, should be so marked, as to leave no probability of its being displa- 
ced, and also to allow of the work beiag resumed readjly the following mor- 
ning, and without error. ‘Thee two. particulars were I think perfectly an- 
swered: by the plummet and tripod already described, ‘Khe plummet which. 
weighed two pounds, and was, attached. to a, brass wire, being suspended. 
from a theodblite atand, was, set so.-ngarly touching the bras edge of the 
fare.rod, as to leave little more than & of an inch, between: the quantity, 
was easily and correctly estimated: by. means of a scale of equal parte, held 
behind the rod. and wire. When the wire was perfectly. steady, the nick. in. 
the ivory piece of the tripod, (well fastened. into the ground) was set ex- 
actly to it, the manner of doing which will be readily understood from the. 
description already given of it.. A cordon of stands united by ropes was _ 
then placed all round, the rods also being left standing. And a sentry. was 
posted, and during the night regularly relieved, to guard the tripod fram the. 
approach of any animal. The examination in the morning however never 
detected any thing wrong, and therefore on this head.I think we may have 
the most perfect confidence. | 


28. Dwrine the measurement there, occurred one accident, and two 
omissions, which compelled me to measure twice the, distance, in two of the 
three cases, from the last passed picket. As I never omitted to notice and — 
register the quantity, by which any rod overshot or fell. short of these 
pickets, they formed a series of fixed points, to which I could return with 
the greatest confidence, in case of amy part of.the measurement, beyond 





Hiuc ava Mountains. 943 


them, being vitiated or'doubtful. The accident was the falling of a chair 
against the fixed pair, after the hinder pair, of rods had been removed. As 
they suffered some shock and were certainly moved a. little, I returned to 
the picket, last passed and continued regularly the measurement from it. 
One of the omissions was the forgetting to read the languette of .a pair of 
rods. Inconsequence of which I also thought it necessary to return to the 
_ last passed picket. The other omission was of less consequence. The | 
quantity which had been omitted to be registered, was that by which the: 
plummet. had been placed in advance of the rods, in marking the point, 
where the day's work concluded. As this quantity seldom exceeded 6 of an 
. inch, the plummet being always placed as close as could well be to the rod, 
‘it was not thought that a doubt of such a quantity on a base of four' miles, 
‘was a sufficient reason to undertake 80 troublesome a task as the remea- 


surement of 400 feet would have proved. 


24. — the. miseacenonant, ‘one | on of rods (being cut from the 
outside of the piece of wood) had warped considerably inconsequence of 
which I was forced to straighten them in the following manner: 


. ‘Tse small piece ¢ b c d was cut out at the jaa, and another some- 
thing larger driven in, and this expedient. proved a perfect cure for the 
Warping, rendering this pair of rads equally straight with the other. Fearful, 
-however that such an operation might have some effect.on. their length : 
VOL, XIV. | $ Q | | 
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‘f imntediately afterwards compared this pair with.the other, which had not 
‘been touched, by substituting them, alternately between two fixed points. - 
The trial was satisfactory, and proved they had not altered their length by 
any sensible quantity. | 


25. Tus base was measured twice roughly, before commencing the 
correct measurement, and after finishing it. The operation, each time was 
performed with a Gunter’s chain of sixty-six feet, compared with a wooden 
fod, the length of which had been laid off ftom the brass scale. The 
_ dength by these two theasurements came out 21,766 and 21,746.. The true 
measurement as reduced to the level of the sea, and temp 69—is 21754-3— 
So that the mean of the above two would come very near the truth. At 
all events their near agreement with it shews, that no material error or 


omission had been committed. 


- 26. .Berorg deducing the real length of the line from the details 
given in the accompanying paper, some thing must be said of the man- 
ner of determining the length of the rods. There were two methods, whiclr 
presented themselves either to compare the four rods placed together with 
‘the chain, or to lay off | twenty-five feet by means of the brass scale, 
on one of them, and compare the other three with it—as a check on the 
operation. I determined to try both methods and it is satisfactory to find 
"that they- ‘agreed so neaily—the difference between the two values thus 
‘independently obtained, aniounting only to eight feet, om a! ‘distanes of four 
‘iniles. ‘As ‘however “Mr. ‘Tyoucardm ‘hail omitted ‘to ‘mention; either in 

| ¥ 
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"what temperature of the brass ecale, (standard) the chain had been laid aff 

as also with what weight it was precisely equal to 100 feet, I prefer abid-. 
ing. by the result of the comparisons with the brass scale, more Pn as 
7 were so numerous. 


— ee 


“yf 

27. Previous.y to commencing the measurement, the length of the vod 
1.2 was laid off seven times. A beam of wood with metal points, ground 
down to the 600th part of an inch was used. 43 Inches were taken and Jaid 
seven times by the method of dots, and arcs, making thus 301 inches. 
For greater accuracy atuds of ivory had been let into the-wood, on which 
the arcs could be drawn. The beam was compared a second time: -with 
the scale, after the stepping was concluded, and £ the difference, if any, 
applied ‘as a correction.. 'The thermometer was noted before and after the 
‘mean taken—the same of the comparator. ‘When the arc, which cut the 
line of division on the ivory scale—did not happen to be in the line of steps, 
an equation was applied by dividing the square of the deviation, by twice 
‘the length of the step, (eighty-six inches). The following table will shew 
‘the reault of these seven comparisons. As determined by the division on the 
_ ivory scale, forming the determination of the 301 inches, and when they 
are reduced to the same state of the comparator, (the ratio of reduction 
being | to 2°125) the differences do not appear great except in one case, 
that of the 26, which may Tthink for this reison be rej jected, particularly as 
the great and sudden fise-of temperature, (13) during the operation, induce 
an apprehension, that the brass scale might not have answered to the mean 
state, andi. thattherefore, the redtction for'temporature has been overrated. 


2 
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- Indeed if we suppose this to have been the case, this determination will be 
- found to agree with the others as well as can \ be in Saas 












































Equation rissoar oa 5 
pes. Thermometer. on SOL tie | an . aay wa |= a Reds 
ha ofan of beam. mean. 
: Before. | After. | Mean. |\inck. y \" fae. $01 ich gt e2 

1819, Jan. 23{ 60 58 59 +037 16-01 | 1604 047 7} 1288 | 16-062 16-062 
24) 43 47 45 +211 [+--035 15°78 | 16°026| 1366 °130 
25} 54:5 | 62 . | 58-3 | 4-008 1-014 | +096 | 16-00 | 16-183] 1155 | -990 
{66 |—o49 16-083] 16-034| 1287 | -083 

26 41°5 {+°254/4--003 -+--040 | 15°929/ 16-226] 1382 ° 
. 27; 23:9 | 25°7 | 24:8 | +--437 |4+--037 |-4+--028 | 15°643] 16-164] 1157 °122 

342 | -+-°346 ,-+--028 | +--028 | 15°800] 16-146! 1009 "06 

Mean, rejecting that of the 26th, 4217 16-092 








Tue extreme difference of the 6 i is -068. division or -017 inch, on 301 | 
inches. 


28. THE operations by which the lengths of the other three rods weye 
determined, cannot be made so clear as the preceding for. want-of divisions — 
on the ivory scale, which at this stage of the business had only been attach- 
edto therod 1.2. The detail will therefore berather more summary, the rod_ 
marked 2.3 was measured twice, the steps being made on the ivory studs. 


‘The length of the rod as defined at one, end hy the brass edge, at the other 
by an arc drawn on ivo ory ° was, 








| 300:9601 | om 
7 ‘9413 1168 
—_ 300-9507 1170 


/ 


' 


29. Tux two rods were now meal: with mae ether: Being: tied | 
firmly with pieces of wood of the same —— between them, they were 


~ 
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laid on five timber’ planed exceedingly trie, ! and supported each on two 

stands. ‘They were then adjusted by.the wires of both the rods. ‘The ends 
of the apparatus were towards each other, and to be sure that these corres- 
ponded aT. square was applied to the cheek of one rod, am the languette 
ef the other pushed out to meet it. 


The Nenius read off was,........6. 380°" a 
Reversed it was,......-cscee... 3°93 
(Weal ssc) agadwen iene oeneeces 3-865 $19 
Equation of rod,*....csseeseeee 004 


ore, 


345 


Onova = — — 


By this quantity the rod- ¥.2," was ‘th 'advance of 2.3. “Now an arc of 
43ineheé radiug, described frori‘a point in 2.3, short 0088 of the mark défining' 
3009507 indies, out 1.2 at the division 14-405; adding the quantity above’ 
given, 345 inches==1°380 divisions; we get 15-785, which is the poiiit where. 
the arc would have cut, had the other ends of the rods been placed even. 


Now let e d be the line in whieh’ the ceiitre of the arc fac was found 
Let e g be the line of divisions er 12, and a the ‘poitit which formed “— 
hmit of 300-942 inches. aes 
Sa demeasured, 42 iiiches. 
Andc d ditto, 2°04 





7 * 
* ‘Tar chiaks of ‘the rods were not quite parallel to their axis ; the error was found aa this is the 
correction due to it. | 
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a es inn eee ten en een mess . 


fd = --104839 
fe= 10021 : 


Consequentlyed = | °0463 
Now a was the mark of 300-9419 inches. 


_ Therefore a b or c was, . 300°8956 or on 1.2—15°758 
Add, .. "1044. . = "444 


ED 


Inches. 


: eel seeeeeee 3010000 = to 16°202 divisions. 


, 30,. A SEconD-comparisan was made, in which arcs were drawn from 

both rds,;and great care: taken: the result, which to avoid prolinity. it is: 

not thought necgssary to detail, wag that the 30K inches, on-2,3 corres, . 

ponded with ahe-division,....iben- IGS = -e- 
By the preceding; « . "202 





oi 2. oe ee | 
— © Tine eS 


...Mearof 8 16109. 1203 


_ Tus difference of the above results when reduced to the same state of 
the comparator, is only ‘009 inches. From the mean, we also get the length 


rer 


’ ‘ - g Se Ae 
we ‘wo s ‘ Rod nae 











Hricatara, Mountains. | 249 


of the 2.3 rod, ag limited by the mark, before noticed 300°966 em, 
Comparator 1203.. 


$1. Tux remaining two roda were now compared. with. these, for 

which. purpose they were all four placed together, 1.2 and:2,3, being on: 
the outside of the other two.. Two arcs were described with a radius of 
43 inches from: centres in the prolongation: of the line of the divisions, 
parallel to.the axis:-of the outer rods. Both arcs sprang from the same 
points on. 2.3,. i.e, the line marking: the limit of 300-966 inches; Com- 
parator 1203:. with. the several meagures, accurately determined, were - 
calculated the places where: a line perpendicular to the axis of the 2.3 
rods, .and. drawn: through.this paint, would: cutthem. The distance of 
this jmaginary line fom certain points on the, ivory, scales of the nods, 
was also. found. This line gut No.. 1.2 at the. divisign,. 15 60 . 

_ - Add languette,- .. “504. 

a to teed 


Ger 


Now the mark of the 3OF was, .....seseeee 16°109 
Excess above 301 inclies, ...sccescessveen’) 055 == 014 in. 
Comparator being I203.. 
Bur it has ‘been seen,. that this line limited: on 2.9 the 900'986 inches. 
Comparator 1208.. On 1.2 OOO COCR COCR EH e EOS o° ‘ ‘ rs 801-04 4 





Secyedotie s. 3 tew. oat: Difiermee 607 24S 
Par exrér, ovcasionsd by the want ef parkllelisi: of the: vods, © This : 
requires an equation for the intermediate rods, and it is easily found, being 
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proportional to the distarice of their axis, or rather of the liné of divisions 
parallel to their axis, 


On the 3.4 rods, this imaginary tine was fouiid to be from the 1.2 arc 
3665 inchesst 1/466 divisions. These are intersected at,. 


#200 6 4° OZ: . 
0035 °.. 2114 - Wee | eS 
- oer . © ee ear es Oe ie 4 ea 
’ The nen line —— at, 1501 gegggie se 
: y : a to - a ee 


Tue mean of these which ite differ -004 inch’ 1-493, the division: on 
which, the imaginary line would cut 3. 4. ‘ Hout this'réquires a correction as’ 
above indicated, which is found to be nearly 031 ‘ch, Now the length’ 
of 2.3 as defined by thisline vas, 300-966 

_ Add, +4048—= 031 
300-997 
Deduct languette, “148 





' Length of rod as defined, 300856 
By the division, J... 1493 cichens 1203, ° 


32. Iw the same manner was the length of 4.5, found to be (as limited 
by a: ‘certain. mark). 300919 inches: ‘The differdnce of the ,determind- 


ese 
a 


owes 4 
& 
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tion from the two ares was, only. 004 inghes, :: ‘The rods-of each pair, were 
now placed interlocking as they: would be in the measurement. - In the pair 
1.22.3 it was found that the line oa 2.3 which was most convenient . for 
comparing with the Nonius, was ‘707 short of the mark, defining the. limit 
of 300°966inches. This line therefore marked the extent of 300-259 inches ; 
again the.301 inches heing marked in. 1.2 by: the-divisiog 16-109, ‘it is evi- 
dent, that-the division 16 marked the termination, of 30] ~—= pny = 300:973 
inches. ns 900973 ts 


: jowe it 
" »? ‘y os 
- $00:259 ee a , 
3 . * ’ r eo og" 7 * 
ee ae we ee { 
» 





| Thes sum is s 601-232 which i is therefore the value of this} pair 
of rods when placed interlocking, and the zero miark’ ‘of 2. Rs} corresponding 
with the 16-000 division of 1.2. To find the division corresponding to 600 
niche: or 50 feet, deduct 1232 inches = =x 4: 928 divisions, which gives us 


11-072, also as 11th division answers to 599-982 inches. 


33. For the other pair it was found that the Zero ling of 4. 5 was 1-947 
from the mark, forming the limit of 300917 ingles. ” The zero line there- 
fore was the measure of 298 ‘970 inches, ‘Now on the 3. 4 rod it has been 
seen, that the division 1-493 marked the extent of 300: 856 inches, the first 
division therefore marked, 300-979 

298970 | 


ae 





Sum, 599°949 
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When therefore the zero line of 4°5 considered with the-first division. of. 
3-4, the length of the pair was 599-949, and if the division corresponding to. 
600 inches or fifty feet be required, we have 1000—053+4-4—796 division. 
The comparator being: at 1203: \ : 


34. The.preceding operations were all performed'previously to the com- 
mencement of the measurement. ‘There was alsd a comparison made with 
the chain, at the same time,, but for a clearer view of the subject it will be 
better here to go on,.and give an account of other determinations of the 
length of the rods made during the measurement of the base from the-brass 
scale. There were in all 8—in 3 of which the four rods were placed 
together, and the stepping, made: at once for all 4. In the other %. only 
the pair 3,4 and 4.5 was measured, but we ean: easily from those determina- 
tions deduce tie length of all four, by means of comparisons made between. 
the two pairs. These i it will be proper to notice first.. 


_ 35, Tak pair 5.44.5, had a, similar ivory scale, as that of L2—2.3 
that is to say divided into quarter inches, and. each of those into tenths. 
During the measurement however it broke, and got loose, and it became 
necessary to apply anether. The first point is then to determine the cor- 
respondence of the two seales, which may be done from the following 


double readings. babe en 
720 B15 
740 330 
728° 310 


’, 
¢’ 
a 


‘570 240 
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710. 313 

793. 315¢ 

425 | ‘813 

700 =~. 800 

“70. 3220 

730 = 835 
| - - -681 Anewers to 296 
The value of the divisions om the new scale: is: 054. 


36.. T'wo.comparisons of the: pairs were made by substituting them 
between two fixed points, By the first the following result was obtained — 
FPO - $.4.04,5 


| Z Tachev. ‘ Inches. 
Languette, gr «(453 Languette, 3 ='905. 


doves 1: PE gpteasinin dito ae. weet * 1 
From. fixed’ point,. 060 From fixed point, -079. 
; ‘ . 4 yc a pee wal c ‘ Pe ae i 5 : 


_~ 
u 


' 
ee ees ‘) 
s 3 ‘ 
A a - Geiser 
: . 
. a 


= % BIg * OMe te ae? a _ . BRP focus 7 
Thus the pair 1.42.3 was less that 34—4.5 by ‘129 inches, 
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3.2—2.8 - . 3.4—4.5 
New Seale, 


The Nonii marked, 0-663 4nd-0-309 
Now '129 inch = divisions, -516 | 


FEED 


Consequently,.....s+s2e2 1179 corresponds to 0-309 New Scale. 
The other comparison which was made as before noticed, after -the 
straightening of the rods gave as the.result, — 
12-23 ° 34-45 


Old Scale. New Scale, 


1315 «4700-290 | 
_ New from the operations formerly detailed, it was found that the corres- 
pondence of the Nonii was as follows; 


419-83 | 3.4—4.5 
4072 == 796 Old Scale. 
These three expressed in the 3 ecales will stand as follows; 
223 3,45 
| Old Scale. New Scale. | 
R179 "0708. 0:308.. a. 
1315 0-470 0-220 
4072), 0796 0-339 
fu, «oie? PTT 3. | 
Meno: 4139 - 0658 0-280. 


J 
e t 


37. Hine thus setablohed ‘the relations which the several scales bear 
, toveach other, we can from the length of one pair deduce that of the 
other, and consequently of all four rods. . ‘The following table shows the 
resulting eae as deduced. from, the several operations mina with the 
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brase stale. They are all preionen to. one certain vision of the i Wvory | 


312-29 4—4.5 
Wi Scale, . New Saale, 


ee that is to l ‘300 7 0 547 or 0- 237, 






























' ; Sate, a a? j ‘ ‘ : he , 5m 
7 S k .+ 
: , Length of the Rodsi . 
ee of Reduced to 
| Com a ce Comp. 
8 Inches.. | 
| 1199°882 988 | 1¥200°:026 
1199°924 -| 1023 035 
.| ¥199°900° 9860- *F23 
| «| 1200°054 1064 °126 
599-910 O776 -| 1200°:243 1328 066 
§99°970*| 0775 1200:073 1209: 009 
599:890*] ° -°700 N.| 3199-987 1106: 020 |’ 
1199-392 













of fermer 4 determinations, ee eees ceeeon jeeees 
| Mean of the whole, . . so Mont wereerele 
. or feet, ... eo re errwreeee co 





1200-119 >| 
1200049 } 1141 | a 
100-0041] : 


Tae extreme difference im the above, as reduced. to the same state of the 
comparator, is only «147 inch, on 100 feet, or 012 feet. Half this quantity 
or 006 fet, may be jaken as the extreme probable error on the mean result, 
that is ;7,, of the whole or on the base a foot. 


38. In. ink the comparisons with the chain, the latter w was placed 
upon boards; supported by the rod-stands ; a draw post of 5 feet i in length, 
driven firmly into the ground, held it at one end; at the other it was ‘stretched 
by a weight een toa 7 passing over a lly i in the ae post. | 





* In these two operations the pairs were meas died together, the een inserted i in the columns 
are haif the length found: for the ¢ rods, 


VOL. KIV. : ° as 3 TT 


256 : AN ACCOUNT OF THE 


Besides these two, there were other two posts driven firmly i into the 
ground, on which the brass registers were set, and by means of the slider 7 
with the fine line, the length of the chain. could be accurately laid off. 
The stands were first put accurately in the same plane by means of the 
small cross of wood, and the boning teleseope, and any deviation which was 
afterwards observed, owing either to their. slides having slipped or to any 
unevenness in the boards, was corrected by means of thin wedges placed 
underneath the chain., The links being 5 feet long, howeyer. were the less 
liable to accomodate themselves to the ne inequalities of the boards. . 


39. Brine laid accurately it was dhought advisable to observe ite cqn- 
traction and expansion, and whether it agreed with the indications of the 
thermometer, allowing for its change of length according to the known law. 
Thus being stretched by a weight of 19 Ibs. and the registers set, the mean of 
4 thermometers was 58: 6: on the temperature, rising to 69-3, as shewn by 
the mean of the same ‘thermometers, it was found that it overshot the. regio 
ters or had expanded 073 inches, . | : 

Now the expansion of a steel chain was found by Colonel Mupar’s ex- 
periment, to be very nearly the same as given in General Roy’s table, in the 
Ist Vol. Trigonometrical Survey: This is 0075 inches for every 1 of 
Fahrenheit on 100 feet, : 

Now, 0075 x 107 = O80 inch. 
Observed expansion — 075 


Error, 007 


Hinaiaya Mountains. | 257 


_ ‘Wuen the temperature ‘had sunk to 58-0 as shewn by the four thermo- 
meters, it was found that it had contracted -097. . 
Now, 0075 X 11:3 = 085 
Observed, 097 


“012 Error. 
Again the registers being set when the temperature was 57°9, it was 
found next morning to have contracted -1625 inch. The temperature 
had fallen to 38-3. 
Now, 57 — 9 — 38:3 = 19°6 and 0075 x 19°6 = +147 
Observed, 162 


| | 015 Error. 
40. Tan registers being now + firmly fixed and the chain stretched with 
the small weight, it was proposed by means of it, to determine the distance 
of them. For this purpose the quantity which the chain exceeded, or fell 
short of them, with the temperature as given by the four thermometers, 
- was noticed from time to fime. The chain is said in Mr. Trovanton’s — 
letter, to have been exactly 100 ‘feet in the temperature of 55. Tt was 
therefore redatted to this Nemperatere. The following table, will shew the 
result: ' ¢ 


Mean Soe oo ae ° S.C Dio a aa? naa. 100 fees, 
662 x 084 — O15 069 
382 — 126° — -179 046 
38:5 — 124 — 191 067 
31 — 125 #180 055 


GED 


069 
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The brass registers are. therefore distant by the mean of these tri- 
als, COCO R OOOO OLE DODO OER EH OOO EHD OLED rereeer ereere pee Scien 
— Deduct* error of chain, 013 | 





3200-056 
As aed with the chain reduced to 55, and stretched by a _— of 
| 19 Ibs. avoirdupais. , 
Wheo 19 lbs. additional were put OM, the distance of the registers was a9 


follows: 


Mean of 4 Thermometers, Reduction to $6, Distance of registers exceeding chain, bids cease ek 
381 125  — °165 040, 
— BBS 125: 62 — O37 © 
. §80 | / 9022 9000 | 023 
Mean, ‘033 


Deduct, = 013 
Distance of the registers, 1200-020 
Thed distance therefire 1s 1200-020 inches, as measured by the chain: 
reduced to the same temperature of 55, and stretched by a weight of 38 Ibs. 
the difference i is ‘027. inch, or 002 feet, on 100 = = oo, | 


re 


41. Tar wid were now substituted for the chain — the registers. 
wine brass wires were stretched across at right angles, at the register marks — 


_ + Occastonzp by the irregularities of the table on which it ‘Was stretched. ‘This equation wag 
calculated. — | 








Himdctava Mountains. 259 


to limit the length on the rods. The several verniers and scales — 
read: off or measured were as follows: | 
Ordes in which the rods were: placed, 45 3.4 23 1. 2 
The rod 1.2, overstrot the brass wire or register mark, by 134 
The nae a, by svebeceevccsosccoees “SIY 
"Fotal overshot, wcccsccccecscvetecess + 946 
Deduct from languette or distance between 34 & 2.9, 1-OLF 


Rods fail short of rep ister, "pe eroesgane 065 mch.. . 


12-23 3.4—4.5 


The Noni WMC, » veces 0°855 ae 0580. | 
Zerg divisions, .cccress ¥-300 inch.. 8547 | . 


qummpemapemen | separa - 


 Q°445 = -Ll]] = 0-033 
= G08. 


He 


ir the Noni had niarked 1 300 ot 0: 547, the a 


would have been; voneunereseeeaseneneaeereneeeens 
Deduct above deficiency, ss... 065 


Rods “ than registers, ....66 “054 


_  Yaohes: - : 
119 longer. 


eae * @ 


.. Now the registers it has been seen, were a part 1200 047 as measured 
by the chain at 55, and stretched by a weight of 19Ibe. or 1200-020-as. 
3U | 
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stretched by. 28. 4ba, Supposing. what is most prebable, that the leagth of 
the chain was adjusted from the standard brase scald, whem ak tie tame 
temperature of 55, we get its length in 62 == 100 feet ——0U897 7x83 
100 — 037 == 1199: ‘913, and the distance of the. registers, consaquantly 
1199-96 inches, that is supposing the chajn stretched by aweight of 19 Ibs. 
But the rods. it. has been seen exceed the registers by 054. Their length 
will therefore be 1200 014, Comparator being; 10032 ‘Tiys operation was 


performed befere commencing: the measurement, i 2 4 


42. "Tur second comparison wea meade on the Sth Mebruary. The 
register heads had remaingd fived in the sama position in, whielw tiie farmer’ 
comparison had been mad, akthough thésn: wee, 80, reason, fax dalepe Qing 
any derangement, yet it wasthought proper to-verify them, and by a mean 
of several comparisons, thei distanbe was. fomad, the chain being reduced | 
to 55, and stretched by weights of, Délbs. 28 Ibs. 

~1200-072  1200°036 


‘Tue rods were then substituted between the registers over the zero 


lines, of which silk threads were stretched at right angles, to the axis of 
the rods, anc the rods were une to be lese than the registers, AT. | 
Now the Nonii were, sucks O- "703 & 6 503 

Zero divisions... veeeceave 1°300 0-987 


5 Q7 = > i — 0066* = 036 


Inches, 
The sum of these 18,..e.cseceeee "185 


—— a WE Es 28 Sy utes hee “¢ 


* Tus divisions of thi. Ranige were as. was delete hppebeahaeckaged a ryverypacdes. 
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With: the Noni. therefore at 1300 & 0°937, thefe xods would. nave 


exceeded the registers, by -O11. 
The conparator was, 1171 at commencement, 94 at conclusion, oni 1183. 


Tur distance of the registers has been found 1200°072 as measured by 
the chain, reduced to 55 and stretched by a weight of 14 Ibs. or by one of 
| 28ibs. $200-036: making the reduction to 62 on the same principle as~ 
before, these become 1199-985 & 1199-949; and adding the excels of 
the rods, ......eeee ‘O11 011 








We have, 1199 996 1199 960 
aa the length of the rods, when the Noni marked 1 300 & 0: 237, .and the 


comparator 1183. a a _ 


4% ‘Tavs the length of the vie 
was by one operation, ...+.eessees 1200-014 & 1199-987 Comp. .1093 





Ey ai ntermnegie 7 996 "960 - 1183 
WMCAN 06:8 o6vadeews Tore 1900805 1199-974 1138 

The mean of the comparigyns 
with the brass scale, eoe8e@0e0e09008 086 - 1200-049 } ©@eeovoseaeeseee08n0 114] 





Rpeeenerenermyt » Qd4.- 
‘Tis difference would produce on the whole bage an effect of °8 ft. 


Bat Lhave the less hesitation i in rejecting the results of the comparison 
tigi ae. 
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with the chain, as I am ignorant in what temperature it had been ad- 
justed, with the brass standard. And [ think the difference of its length 
with different weights, (the maker having omitted to state with what 
weight it had been found to be exactly 100 feet) affords another, and a 
valid reason for adhering to the brass scale in preference. It is however 
satisfactory to observe that the difference of two determinations so entire- 
ly independant of each other, does not amount to I foot on a distance of 


4 miles. 


44. Ir now only remains to give the several reductions of the base, 
and from the details to conclude the real length as reduced to the level of 


the sea, and a temperature of 62, 
_ First ai72 sets of rods x 1000042 — 21,750'9 


Deducted over lapped, seen eneenecnnes 17°6 











21,7333 
The sum of al the Comparators j is, “460930 
1141 x217 ‘332x2 = 495-950 
—x°95 
Ss o——— 1.4 





Back. 
- = = = 16640 21,7319 
Sum of reductions byhorizontalline; ........ 26 
| 91,7293 
Sum of 8th column, shegedoagwansegneen 3 


“Carried Sev, sacecee 21,729'1 
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"The sum of the Noniiof 1.2—2.3 is, 176-022 . 


The number of the pairs was 219 * 
which being multiplied by 1-300 _ 
the zero division gives, ........ 284-7 
The difference, ...... -- 1087 ee 
—— = 277 = . 23 
| | a 4 . 
The Nonii of 3.4—4.5 old scale, == 54-7392 
No. of rods == 81-547 the zero, ..ccsuse, 44-307 
10-415 
——=-120. 09 


New scale, ..0. 6.0.0 44404 
135 pairs X “237 the zero, oo. ose eoe . 31995 } 





9409. 054+ 13 = 0-4 
ee eee 
; ae | 21,726: 
The languettes of 1,2—2.3 1709 74 x 8146 
54-45 1939 00 x =~ 16-4 

- 2 —s« B1, 757-2 
Reduction 7) level of the SON. cena coe a 2°4 


Length of the base reduced to level of the sea and temperature 69, 21,7548 
VOL. XIv, i. ¢ 
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‘Fur ‘last reduction is the. only one which requires any explanation.. 
The difference of level of the stations of Zephyr Hall’ and Bélville; was 
found from the peak Surkunda to be-.... 1922 feet, 

Zephyr Hall above Newada, .......... 498 

Newada above Belville, .....esccseesess 1430: 

Newada above south extrcmity base,..... 186 

| (4244, above Belwile, .- 

South extremity of base half difference,-. SO | 
level of.2 extremity of base, ........... 163 a 

Belville above level of the sea, ..,....... 986 by Bar. obs. . 


a; 


Middle part of base abovasea, .......... 23503. : 


-_- 
V-_ 
~ 


From this with the: radius. of the spheriak fin:lay’ $0 17—(The 
Fatitude of the middle point of the base)—20,903-416 feet, the above , 
correction has Been éalculated by the usual formula. 7 


_ * B— —b=BxG—a = &c) 
e where B. means the sasasared base, . 
Pe 7 ee ¢ aan 
- a ; | A The height above the level of the sea,. 
ae 


© _— radius of the. Spheroid.. , 


Tri is evident that the first term, =. pene peek pi. 


a "s 
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|  . § 2 | 
L. ieee finished on the 2d of March, the measurement of the base, _ 
I proceeded. immediately to fix on stations for deducing from ‘it the length | 
of one of the principal: lines, the distance of Surkanda: and Chandpir 
peaks.. That distance as finally determined, was found .to be 295583 feet, | 
and their. elevation above the oe respectively, 8258 and 7548 feet. - 


a 
; 2. 


t 


“T'S connect dine distant points by establishing stations between, I found. 
& very arduous task, and the difficulties I had to contend with, were go great, . 
that tlie last or. ok station was not finislied ‘till the lth of May,” 

2. Ow the. ‘ii disposition of aia a: ae as much as. 
on the measurement of. the base, depends the accuracy of the final result. 
It Has’ beert given “as a rule’ ‘to choose. the. triangles, . as nearly equilateral 
as possitilé, And this is ind. doubt” proper, when the correctness’ of each _ 
point ‘may. He* equally désifable.. But, as. it is ‘difficult to find stations 
80) conveniently! ‘hited; and. aa the séries ‘generally is required to con- 
tinue only in, one s direction, it” seems “ alfowable to admit of small angles, 
when nw ate link‘ of" the chain’ v depends 0 on them... 

3 oN enquiring’ wliat may ‘Be the probable en error in | the distance finally 
déducéd froin’ ‘this triangilation, we have ‘to consider first the probable 
~ error sf thie Base, ‘and secondly the ¢ errors“of the angles arising from. the | 
want ‘of power in the instrument, or ability in the observer. The former 
I have stated at probably not exceeding two feet.. The angular instrument | 
Kas been already described. It is no doubt a very fine one... With a teles- 
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ine of great magnifying power, and verniers reading to 5 it does appear, 
but a fair supposition, that angles could be observed to that degree of 


accuracy. The divisions are however on brass, which renders them difficult. 


to read with certainty. However judging from the extreme error in the 
sum of the three angles, and supposing it to be the same way on every angle 
of the three, we shall get 7 as the extreme possible error on each angle. 
Now if'we take an equilateral triangle, (not too favorable g@ supposition), 
we shall find that this error on each of the two angles used in concluding 


the new side, and supposing them to be in the most unfavorable sense, 


would only affect the result Dy som P50 part of the whole, But even in a few, 


triangles, this error ought 3 ina great measure to correct itself, so as to pree 
vent the error increasing in the ratio of the number of the triangles, , - 


4. Now the closing station is brought in at the 14th triangle, and if all 


those that only answer as checks be rejected, it will be but the 10th jn . 


order, This would appear to be a sufficient warrant against any great ac- 
cumulation of error, but J have as a check chosen to follow out the result by 
other series, The 35th figure, furnishes the 3d value of the distance of 


the two principal stations Surkanda and. Chandpir ; the mean of the three 


values, is taken for the foundation of the large triangulation. ‘Those after 
the 35th, are meant from some of the preceding regults, to deduce the dis- 


tances of the intermediate stations of the great triangulation, and j in one 


case, by means of a concluded angle, But this result j B checked again by | 


one of the great triangles. 


sf det 
r 


— 
@ r 4 ca 








Hur¢étava Mountains. — 267 


. 5. Nong of :the angles on the sine of which any. connecting side 
depends is less than 40, except, in one triangle, (the 15th) apd in this th¢ 
angle is 16, bat fay this a very short side of 17,000 feet only is concluded, | 
as-part of a longer side.of. 58,000; from which the series was to, continue. 
The reason of requiring, his small side, (the distance of the 12th and 13th 
Btations), was .an- inability to distinguish the 13th station from the 10th. 
J was thereforenbligad to tiske.a quadrilateral of the 10th, 11th, 14th and 
‘43th. , The distance ofthe 11th and 13this.checked by 2 other quadxi- 
laterals,.in which iether. stations were. substitnted for the 19th, I have 
numbered these ja: thererder.of the-triangles..”; This method. of deducing 
a side, fromthe dnewn angles and ell thesidea, ‘but one or twe,ofaid,:d, 
or 6, sided figuen-lis. yery convenient, and :1 thiak .equally:datisfaotory,as 
the more direct one ofa triangle. I have therefore not:heditated to erploy 
it, as in the figures marked 23, 26, 28, 31 » 33. 


6. Wuar follows consists of,—first, a detail of the angles observed at 
each station with an account of the stations, and the reductions to the 
centre where required. To this, I have subjoined a table of the angles 

‘reduced and arranged in triangles or quadrilaterals, with all the logarithms, 
necessary for their verification. It- would appear to be affecting an accu- 
racy, of which operations (conducted: with such limited means as ours), 
are not susceptible, to have used more than 6 figures of logarithms. In 
fact on an angle of 60, an error of 7 would produce an alteration of 8, 
in the 6th figures of the sine. And on a line of 21,000 feet, the error 
of two feet, which I suppose possible, might alter.the logarithm 4 in the 
5th place. So that 6 figures appear to be more than sufficient. The 
‘VOL. XIV. : 3 Y 
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known sides of the triangles are always on the third or last line. The 
heading of the columns is sufficiently intelligible. Some triangles are 
resolved by cosines, for instance, when 2 sides and 3 angles are given, 
those angles being very acute, that: is less than 30. In resolving 4 sided 
figures, the general method that has been followed is to draw parallels 
to the 2 unknown sides—by which means 3 triangles are obtained, 
in which all 3 angles are given, and one side. In resolving a 5 or 6 
sided figure I have preferred, letting fall perpendiculars, from each of 
the angular points on the unknown side, and calculating the several sides 
- or pieces, intercepted by these perpendiculars.. -But from the paper ‘itself 
it will be sufficiently clear, how each result is obtained, and from the 
ee eee nek Oe see ee ae ee 
that may have been made. 
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Detail of the Angles of the Triangulation founded on the measured Base. 





In the following there has been no selection nor rejection, but where 
it was quite evident, that the wrong object had been bisected. There 
are three columns, one for the various readings on the. same pot of the 
‘limb, the other for the various means of these, and a third for the true 
or correct angle. | 





Ist Station, Southern Extremity of the Base. 











Mean or correct 
value of the 
Angle. 


Readings on same| Readings on dif- 
point of Limb. | ferent point. 












’ Flag staff, Newedsy..s0.sevvererrcssesere] 98 26 48-7 98 26 30:7 
383 
42°5 
22:5 
30 
20 
37:5 
22°5 
11-2 
456 
26°8 

q|Flag staff and Sophyr Hall,....ceececees.] 2% 40 555 


98 26 433 


4 


26°5 
11:2 
45°6 
26.8 
22 40 SID 


= . 52°5 
3 wephyr Heli and Newada,. errr ere er ere 75 45 188 
37°5 


22 40 41-0 
76 45 31-3 


75 45 31-1 












subtends,... nceweeseveassedeee ke cs 40 21 19°% 49 21 19°t 49 2t 140. 


11:2 
118 11°5 
05:7 
92°5 
11-4 
Southern extremity of the baseand SephyrHall,| 71 37 ia 71 $7 39-0 
56°2 


32°5 71 37 42:3 
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@d Station Newada,—Continued. - a 


eae 


Mean or correct 



























“~"T Readings on same| Readings on dif- 
| | a - + | point of Limb. | ferent point. is Ae the 
o 1. a | 2 is oO « tt 
sl Northem extremity of the base and Walapeni,, 22 17 58°5 | 22 18 05 . 
Seo fo 18 185 22 18 O7°5 
| . . |. 02.5 | 
sai Béri'and Matapant,!.....ecceuwer | 74 08 462 74 03 46:2 74 03 47°8 
49:4 
iss Gee w a a ca” QB Cay 
Sd Station, Sephyr Hall. 
1\The base subtends,......ecseccesccvccss.| 50 49 587 | 50 49 56°8 
a 50 12:5 | 
49588 =| 50 50 033 
50 49 47.7 ss ; 
53:8 ‘ 49 507 
50 50 00:0 
49 52:7 49 56'3 : 
2| Newada and southern extremity of the base,..| 32 36 36°3 32 36 40-6 
: be, Gea. ace 263 ° Su 4 , 4 
41-2 $2 36 34:6 
32 36 46°3 
42'5 32 36 44:4 
> 32 36 38°8 
| AT'S 
. , 42'5 32 36 42:9 
3|Northern ektremity of the base aid Nalepani,| 96 43 20.0 96 43 183 
12°5 
16-2 96 43 162 
96 43 24.8 . 
$250 +] 96-43 249 
06 43 13:8 
4 Newada and Nalapant,.....csssesseneese ‘180 09 55 ; 180 09 57°12 
* ‘ Yt oes eo4 §1°$ er 7 . 
56:2 180 09 542 
180 00 58:8 
. 10013 180 10 00:0 








4th Station, Nalapanf. 
Uk! Zephyr Hall and horthern'exttemity of the bese, 


fee 
67.51.87.5..)...... . 67 51 406 
42:5 
| 39-9 | 57 51 400 





| a le 41:2 
@2| Newada and northern extremity of the base,..| 57 59 57:5 
| 62°5 


606 


57 59 59°3 


58 00 00:2 
. 57 59 58°5 
58 08 512 

438 
} 48'5 


3| Newada and Mitha BOVE ove we wwatowns es es 58 08 42:0 
| | 58 08 47°8 


| 361 
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“» “ath Station. Nalapahi,—-Continted. - 























Readingson same Fee on dif- \Afean or "eer ri at 
oulue the 
fis erent points Pi Arle 
‘ Qo 1 ag Oe. 

Bért and Ditdhiti station... vies] 67-26-85 - | Tb e796 “Stig! 

0G taal 37°5 : 
pode pS $52 | 67 26 35-5 
| ig FOI . { . t . 983 

| Diédhité and Masirana station,)..3. .+..<. " $2 07°5 51 32 09:1 

wot . oe 06°5 ses . 

1 wD oy ( si te OF : §1°32°07 0 -f' FF: 

| eee a ee 41-2 

6|Mastrana station and Surkandd.ev.eiseu..) $F 53 20 47 53 21d 

a , fas 23°5 
Poe 20°2 47 §3 21-2 
aut bo 885 
7\Faak and rr lidicsias eves eoee@ ees 7 < } : . ee id oon 66 44 40 
8 Tank and Bhadraj Dik, eee gve de e es @eenoeeee . : 56 59 04-1 
9, Bhadraj and Didhilé station,.... -.e+.s0..f 9F 45 338 | | 9 45 35°6 
‘ 37°5 : 


oO 35°56 fT. 9 45 356 
10) Bhadraj and Masirana statfon,... 20000000] 61 17 41°3 a ; 61 17 426 
vac =, v a. . i ree Ree oe 
ee ae 42-5 61 ¥7 426 | 
11 Tank and Maeirana station,... ser. eee we ats i : | ; 118 16 47 


re 


th Station, Mitha Béré, 





1j Didhilé station and Nalapanf,...-.0 secre] 65 23 44:0 65 23 57°8 
_ OS 65 24 125 
oo ee 106. | 65 Omg fo. 
@| Nalapanf and: Newada,.......¢ccecrecesees 47 47 37-4 | 47 47 432 
. oF * 47 47 37°5 


400 | 47 47 388 
7 ATAT 533 

















t 
‘ 6th Station, the Tank... - a 
1 | Dudhil ses mnt cesaee ee 66 02 59°4 56 03 ‘oro 
| - f 86.08.0898.) nko uh oo wee 
Ps ' 02 56:2 56 ‘03 02-5 ‘ 
2| Bhadraj and Nalaponi,.....cesceressees 72 43 51°3 72 43 557 
rer :. M4000 Fo 
3 Timli and Bhadeaj Ditty. sese)esesseseee: ! 85 18 524 | 86 18 48-1 
43:3 
4\Bhadraj aad Dédhitt station, (1 from @)..%..f  ....... «2... Ca. 16 40 54°7 ~~ 
5 alapant and Masiranastatipn,.. -....+...- 26.35.050..J.....-.. . 26 35 04:4 
037 | 26 35 044 — 
jand Mastrane station, . Vesereeweeien Sadssuracece tote ge f 46 08 49-7 
7{Nalape, é and: : Timli, (2 from Syowvicceoeee| 158 O1 43-8: 
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7th Station, Narthern Extremity of ee 





Readings on same Beaanos on dif- Mean ee a 
| point of Limb. | ferent point. a ie 
; ae ‘ © 4 a 
r' Hall. .cccopesgrersee| 25, 25,10 a1... Cu. f 25 26-088 
Valapant and Rephyr' fall, : 10 Pe. 
25 25 07°S 
07°5 07-6 
: .| 2524 53-7 . 
; | | | 25 O13 24 57°5 ee 
? N. ceopepee eoocegporvose 00 42 00 e 
ae ors — 41 586 | -90 41 59-4 
$9.42 148 Sie, ee 
. 42 137 42 14:3 
oe . (9 41 47-5 , 
| 688 41 53:3 ee sede 
s. the 2D.1B7..).....600..° °F ‘9. 
fee cay _ | 07:8. .| 106.20: 13%- 
| 06.29.2808 1. eed cad 
4 . 20:0 106 29 20:7 
Hy 196 29 05:8 
; 03:7. | 406.90 O48: - sae 
eraada sputhern extremity haba, 33 12 06-2 ? . 
aN ul 11 57°$ $2 12 018 
33.19.1420. |. 
- 138 32 14 13-0 
$3 12 120 


$2 12 00-1 
















54 | 4195 47-7 
i. 41 25 460 
pap seep pp pe eeeoe 61 21 §5 
2|Tenk and Bairdt Sag atell,. -.. 2000+ Oe hehe? 
61 21 55 
s[Tenk snd Bhadraje Jantar, .»- pppase pesel 66.12 oe 
Fe operecpencocseorenens : 18 36 aoe 
e@¢e0e6 a ae 638 #5 | 
7 Déajand Chandpie,. « doeenee a cme 
és < _ ., Gy: 
airat or ee eo 86 30'S 
? flag staff aod Chandy ’ ° e  375..|. 40.50.9881 
: 33-5 
-12 ' Baird fort and Bhadraj Din,.,'....+.. epee : al : ty 
7|Chandpie and Surkanda, . e@ee@ee0e eve Gesovpvwve © £ 10h yr 5 
Chandpur Ghar’ oo 000 0OHS08S 80000 e 14.08 305 r . ¥4- 08 98 - 
" cere’ 32:5... ° aio 


| 4. 25 469 


61 21 64-9 


G6 19 05-6 
18 28 S05 


68 52 44°9 
48 66 360 
$9 96 075" 
‘91 50. 088 
14 08-545 * 














Lyra tuavx Motnrxins. } $73 




















hil a 
| ae. we ete i i eet OF caus a te 
a oe point of Limb. | farent point. | Angle. 
aE. 
9|Surkugda and Chit’,....° oe ese Sg eage : bs 58 27-5 105 28 97°5 | 105 58 323. 
oar $7 
10|Chiif and Batrd) fing staff) .....5.2......| 63 05 00 63 05 00 
. | 4°57 09-9 
Ra es sevdebncceece| D203 25 > | _ | 9203 25-3" 
24:8 . 
ee ae 205° {~ : 
2| Nalapent and Dudhilé aie 4d ‘wed ays 1 77 57 od 77 57 36°3 
Bhadrej-T ounptr, “eevee coeeee -110- 13 26 . 7 -119. 13 -26 = 
ilar tank, eo coerce ne ard eo psede 85 7 st ) . ety 35 03 06:2, 
é stati and Bhadra a vesccee? 41:15 398° |’ 41°15 398° 
: 2 ° ok 84 10 19°83 












urand tank, ..% 
5 





, £0703: 150° 


“0 08 354 oo | 





. 40:08. 873 





‘98 37 333 





Bhadraj Diniand Masirana add oe esa ep 


| 








2, Bhadraj Din and Bairét fag stall,.......5,.) 61 14 48 _ 61 14 55S 
3' Bhgdraj Din end Bairdt Math}.......0..| 6729655 | 67. % 875 
«tirana station and Bairdt ta stich? a "194 "§2 i 8 oe 154 52 od. 
Didi ast ane: | xe 69 014 


- “Vath Didhitt Station. 





ESD 


! ‘ = ' : “ 
1) Mitha Bt and Nalapanf,....'.. bas eeveesn 47 16 479 : \ , | AF 10 50% - 
a ome 53°7 | : 
2\Diithe BGs! aad tank, eacecee hectws dederacwce 9 8% -26:3 - ee es ve ae a F 9 57 26°3 : 
Nalapani and! Bhadraj Dein, o000 oeis.eeee| 188 24 45 — 138 24 50°S 
ys ee . OF 65° 2 $98 REPO Ts a 
"188 1 53-7 


475 | 13824 506 © 


“ee 
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‘12th Dadhti Station, Continned. 
ae . | [Readings on same|Readings on dif- a o carr 
| ao pain of ee ferent point. : 
7 | oe ee Ce ae ee 
4) Nalapani and tank, .. 6.000 siee oc scveced rs 08° 08-8 "UT 's7 08 178 
Ca 32°5 5708 196.) .,~ . 
ee / 26Q7"° ee age 
5|Nalapant and Maséirana station, .. ... ...s.- 50 29 OT? f . ee 50 28 57:4 — 
. 28 52-7. T- bs 
6| Masi rana station and Bhadraj Din,... ..-- 171 06 20 : I71 06 12:0 
176 
7|Tank and Bhadraj Din, ........se0.c00e+| 81 16 38-7 | ee i. 16 35 
: | of WED. eee Al:2 |. .81.16 40:0" 
! eh takes me Dlg ss i a aed 
i Neep and Dudhilé station, ...,.. ee : 3 50 a Sy oc ‘31 50 21: s 
Vases wae S 
2, Nalapanf and Bhadraj-Jounptir, ...sqseeeee] 95 49 sy oh. et 85 49 522 _ 
53:1 | 
Nalapant’ and tank, ......- seesessasseoees 50 H1' 53 a 50 11 51:3 | 
ae ee Gat dpioioe wesoose| 69 54 34:3 | 69 54 35:9 
oe ee he bE os: j ame t 
5| Tim and Bairét'flag staff oe ° fee eee $028, 109 07 53. 109 07 49-4 
47°5 
6| Timli and Bairét Math, ie ee per beaks eae 104 25 57°23 
§5°6- 
7 Bhadraj old station sad Chandpir andpur,:..- cece. 31 $4 493 | 31 34 49'$ 
$| Bhadraj old statién‘and Butrat ie staff, . 70 48 06:3 70 48 06:8 
9| Bhadraj-Jounsar and Hosea tae set ees 8 $5 575 [~~ ~~ ~~T_ 28 3% 03% 
' 36.088! 
10| Bairat Math and-Bhedraj-Jounptir,...... 66 16 -19°5 ee ah 66-16-1438 -- 
17:2 , ste Me ae ae : hg 
11] Bairdt flag staff and Bhadraj-Joungiér, we ee] BY 34°20" a ET ey gg Bs | 
16:9 pc ee 7 
12 Bhadraj-Jounpir and Ds dhili station, . .... ‘3 BY 33:7 | mis: ‘63 59 31-2 
3 BST |e ey eat 
13'Tank‘and Timi, .. oc .s0scceqecceseceeeet BSYG MI LS 53 16 11:2 


14,Tank and Bhadraj-Jounsar, eeeoe ee 2e ee Oe & eh? 133 47 -§2°4 ft 5 ma bre 5 133 47. 52°4 





15;Tank ‘and Bhddraj-founpir, .......+.000..| 136 OL 44°4 336 Ol 44-4 
16; Didhili station and tank,....... .eov-seoeee| 82 02, 16:3 1... 82 02 16:3 
- 4th Station, Bhadeni-Jomean, 
1} Bairdt: flag stafand Bhadraj Din new station;, %6.20.17°5..f....° A. 76 20:86 
- sete o 22°5 
2;Baérdé flag staff and Timk, .. 2. ws00 seeee 1$0. 54. 46:3 cee ee Bh ESO G4 SES 
el .... OBS. 4. Stoke & Sauk oe 7S 

3| Bhadraj Din new station and Tink. ieceeee| 74 34 28:8 74 34 31:3 

33:8 | 











Pine ennigennien — ——- 
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15th Station, Bairat Fort. 
























aoe & ode ie nee , . eudingson same) Keadmgs on dif- “Meegn of, correct 
; ‘palue of the 
point of Limb. | ferent point. 
rs > ° | . Angle. _ 
~ Pier ee ee ea ae ee =~ es - ~ ‘ +-- “yee ‘ i a gle ay, 
1| Bhadraj-Jounpur and Bhadrqj new station,..| 57 10 88 57 10 10°7 
> 12°5 
©| Bhadraj-Jounpir and Bhadraj old station, ..| 59 11 33:8 . 59 11 33:8 
lredrag-Joungty aud Teli, ...-00006 soe] HOB 06 O'S fis. 108 06 08°1 
15 : 
Al Bhaceraj-Jéunpsir and Suckends, econ be ebee 4: O83 17°5 : P & Q3 -22°5. 
27°5 |. 
Bhadzaj Sadehal wri and’ Bhadray old'station,! -2 01 23:8) 2 01 23°8 
6) Bhadraj uj new station and Bhadruj-Jounsar,..| 75 02 16-3 75 02 12°5° 
oss |. oe A 
y Bhatiray new station. and Zind, ...-. 5.00.) 980 59 SES Yo. 50 55 -5¥8: 
; - S63 J. 
iadrdj aera eemmyiints ti 53°08 -16-3 * Seat ‘63 08 168 
ne ewer and Timli, secee eseeeeeee| 24 06 2H if 24 06 18-7 
; 2: md Epa - IRR is cas bb 
10|@>handpér and Fink, 020s ceeessereseen 75 22 26:9 75 22 22°7 
“TS Vise BB, i 
11 C handptr end Surkande,.*.. CPR SOC Owe 80:8 ‘7 : ae . 177 25 03°3 
7 | — _ é : 
‘ og ee | ‘Agth Station, Baidé Mats, -. 
cial Guadinial Sincere: 46 V7. OO 46 17 23-7 
‘ 
“Ty .4 vse 15 fp ace! 
Bhadrhj-Jounpir and @handpir,.. 2.000006] 17S BA 16.8" 175 21 23:3 
30 nth og ak a eee 
sient dnleslaeiuaaans and C'findpar,'; 199 OS S7f Ye! 129 04 04-4 
z=! : 4 11. =a a eng 
" eae 






ah we 





Ne 


17th Station, Chandpie. 


, SOFT - 
“T thar ut right pt Corer aud Punts .- eel 55 42 425° ~ | $5 42 42°5 


al Haid Math and Timé,... beseqees| 68 37 582. 58 37 58:8 






3 ieee ene wd So 4i %3-80: 
ease es cg Ce 
. ° ' 
thins 
EAE EATEIR EEE) 
Z ———wee ne 
iF 7 + = ne * 4 . * : . * 
tha . : il ee pa SOE toe . cose a = 
a 
J, as a - '. i 5 = _ 
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Account of the Stations, at which the foregoing Angles were observed, 
and detuils necessary for their reduction to the centre of the Station. 





Tue greatest part of these stations are either. on rising grounds or on 
the sumumuts of peaks. Indeed there are but foursut of 17, which are oh 
thé low grounds. The signals used were, in thé Dhin, and where. other 
objects did not offer, pyramidal frames of wood covered with cloth. These 
when projected on a dark ground, are very distinguishable, , and: can on 
account of the sharpness of their summits be intersected, with the greatest 


nicety. Their axis were set truly perpendicular by “means 0 ‘of, a plummet 
and wedges driven underneath ‘them, ! This plummet was also made to 
coincide with the centre of the station, and the? signal then fixed by_ driving. 
in strong pickets to which it, was lashed ‘For two'etations, the‘ northern 
and southern extremities of the base, a flag staff was used. and after inti 
ding the angles in the Din, thia fgg! staff wag. erected. at the oannecting 
station in the Din,-inr order that’ it might be more ‘distinguishable from the 
mountains. The other objert gbserved were various as will be seen in the- 
following acpount of the stations. “I shall ‘give also the reduction, of the 

observed angles, to the true, as referred to the centres of the several stations. 


lst Statzon, Southern Extremity of Base. 


A Lance picket was driven in to mark this station, ‘The signal was 
placed immediately over it as also the circle in oberving. Tiiere are 


therefore no reductions to be made. 
' Ah | Niet. dee 


Himstaya Mountawe, ant: 


| 2d Station, Newadg;:. hyo) 39 900 Is wot 
_ Tux same as the first station, it is about. 100 fgef west or. pogths West SLs 
of the Math or Hindi temple, naar :the. village. of phat NAME,! four. miles, 
south-east of Déhra. a ee : 


-~ e * “a 
c 


3d Station, Zephyr Hall 
Tie same as the two preceding. It is lear the north-west corner of 
Captain Younc’s Bungalow, on the Nalapané hill, distinguished by the 


above name, :. 1. "UR Bop qe ae, oh}. 


40h: Station; Nalapant, 
- Tins 18 the ‘ste :6f the fact. of :that .pame;: beige: whith afxeneral 
Giuuesete fell. The: sefiem ie:-marked: hy @. large pigket (Plate 3,1 
fig. 1). In observing, the circle was placed accurately oyet.dh ,.Th4 
signal was also adjusted to it, but it happened that when ae at the 
Diudhifé station, the pyramidal frame. having | been, plown wn down Dy wn, I yas 
compelled to take the angle on a tree close to which the S eat Bes had ‘been 


> 


placed.. It is a well defined object, and its stem is <a ee and straight. 
IO reeds tore 
The distance of the station from it was determined to great intcety, by observ- 


ing the angle between them, from Zephyr | Hall, distant on ae one mile. ao 
a | This angle was, 0 iG 5 ae na 
The cat at the north, P. signal was, . “96 45 = “— = : / Saas 
Pitt iDicto yee gta ee 
Peg gee Aneta, 82 58:35 ‘Blhe Am Co. 0 i008 sa 
Log.distance of signals, = 5.485 — 3: EDIE By 
_ a ti 16 25 7 679 O1 
ro ot "ints OL hk ae a Ua “Rea 


Distarice of eentre of stéttiodyfrom.centre of tulea 264. mapas ad AD b A 
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Now at the centre of station, the-angle between the tree, and the Did- 
Wail? signitt wy 137 56 the tree being to night of the latter. The distance 
of the sihdls is 53,064 feet: Tie reduction will then be: 

Log. 53 064 Ar. Co. 5°2752 


Sing, 137 50, —9-8269 
,, Log. 26-4 14214 
Site, =i Wace, Hi _ Sine, 1 Ar. Co. 5315 


Correction in seconds, 689 1°8380 additive in :Aatmuth. 


5th: Station, Make Bér¥. . 

[.. Moaites by « pitket ‘as wual. ‘No’ redactions. ° iets three fur- 
ldngs BE! “dP the Village af that name, al: wot’ far off the road to 
Bithra tHe Balti. leery. | Pe , 
=o ee _ ‘Gih'Station, the Tank. 

tats station § 8 on ‘the road from ‘Sahfnepiir to Dehra. There is a tank 
sirrounded bj by high banks, on the southern of which are several small white — 
buildings prected, to commemorate Satis that have taken place. It is the 
eastern. of these tat marks the station. “The place of observation is marked 
by a picket of the usn.. From Nalapanf the proper object was not 
visible, being hid by a tree, I was therefore obliged to intersect another of, 
these buildings, the distance of which I carefully determined. A plan of 


thé slatian, shewing the relative 7 of the three points is given 
_ 3 fig. 2. ’ 


“Tus distance of the western “Sats, from the picket as measured by a 
brass chain was found to >be’ 68°) : feet, andioof the enstem 7°3 feet. 
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The angle which the former made. with Naldpanf was found to be 155 
‘AS, the latter being to theright. The easte¥n-was:to. theright.of Nalapant, 
again 56 12. With. these data, oe eee 

















the reductions.. pas ecg | 
Reductions to Centre, Distance 6:1 Feet, Longitude ¢ 90-7853. 
Distance . tingle  be- Reduction 
Stations. Fat centre Lage ween stati-| Sines. in 
. |_ of station. ons & centre.| . : "> |, Med 
| ~ Feet. ‘oO 4 AZ. » 
serer eeaeentecses | 58720 |. 47301 | se12L. | oro .| -19-4—. 
teGUeae eee ees '§8°3807 1° °7694: 12. 15 Ee {990664 “f° 4197 — 
-| . 58°689 7685 . | 128 56 L. 9-8909 , 16:7 —, 
= pates und ea ee ee 71-086 | 21414%.1 $7503. | 
Deegan ast aces 82 47 L. | 9:9965 
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a ¢ 


| Tu reduction of . the other Saif to the picket may he found thus: 
Log. Ar. Co. 53720 . 52699, 
Sine, 15515 9-6219 


of” 





Tog. 169, 22279 
5:3144 : 
a af 
971-7 24341 
. — ) 
ae eee A317 add reduction to other Sat 


abd s sum is 4 51-7. - | Whieh, is. the —_ subtended om the two Sait 
at Nalapant. : 3s 


, Tth h Station, N orthern Extremity ” Base. — 
| Marken. with a.large picket as usual, | Tt is on: the edge of ‘the Ris- 
‘panna Nala, about: 400_ yards north . the village of Dalanwala. No - 
_ reductions. 
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Peppa tot sk. Bib Statin, Tied 2 
 dillaitlibaili inant Hin little‘ mpre. 3. WY. ofthe vite 0 


‘tat: nanié, on a ribing ground, a-large picket ‘a9’ useal marks _— 
No reductions. 
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“1 Oth or Mastrana Station. 

Tan station ia’ on a peak of the range which — the Dain to the 
incith, shutting i in thé! dglar, oné of the feeders of the Jumna. The point 
| iobperved : was si, smail pyramid of. trees which had been formerly erected, 
‘From Nalapanf, however this point was not observed; but a pillar that 
had been built on the occasion of a former visit. The stand of the circle 
was placed Giaclly under ‘the- -suramit of the pyramid. ' “he distance of 
the pillar observed at N alapans was 2.3 feet, and the angle which it form- 
. ed with Nalapant was 159, the latter being ts the left. This gives with © 
the distance, 41-867 feet, the reduction is == 4°1—additive in Asimuth. 
(Plate 3. fig. 3). | 


oo 


“yOuh Station, Serkanda. 

Tus is one ‘of the stations of the great triangulation, and it was for 
‘the determination of ‘the distance of this’ and the Chantpur station, that 
this triangulation was instituted. The point observed is the centre of a 
small Math or Hindé temple. The place of observation is a stone pillar, 
which is 14 feet’ from the centre of ‘the building”: FRe centre forms an 
“angle with Nalapané of 90,;being £6" the’ left; ‘atid: ‘¢ohsequently with the 
CMastrana station an angle ob £30. With thede anid the distances; ‘thie 
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vedictions to the centre: are Sound ta he 44:7, Sor Naletpras (in Azimuth +), 
and for the Mastrena station 45:9 Ga Aaimeth +). nn 4). 
11th Station, Bhadraj-Jounpir. | 
_ 'Puis station is on a‘mduntain of Jounpiir, situated between the Aglar 
anid ‘the Fumnd, a wooden temple. with conical roof on the summit was the 
point observed; but thie place of observation was on a stone pillar 9°5 feet 
from its centre. ‘The angles which ‘it formed with the different. points 
fritersected and their distances, as welt as the reductions are ili in ‘the 
following table. a 
Reductions fo Centre, Distance 9°5 Feet, | 





<TD ot station is an a 2 peak of the range to which Bhadraj, Mastrang 
anil Sirkaada stations belong. The. point pbserved was a pillar which 
had been previously erected, and it was on this that the circle was placed 


in observing... There are theyefore no reductions... -.: - 


gr ee Oia done eee Lg es Ree 
13th Station, Bhadraj. 
Tus station is on dhe’ castemt spmmit of:a{well known peak. The 


‘eirelé-was ‘placed on the pillar which was the point dbaerved from-the other 


-stativns, coltsequently there.are no-redluctions. ‘To-distingnish it from. the 
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station of the great triangulation which is on the western-stummit, I have 
called it the new station, and the other the old, their distance which will be 
useful was well ee _— ene, and from Bhadraj-J ounsar. 

, - 1th Station, Bhadrg}-Joungar,. ae Bees 

_ Tuts station is on the ascent to. Bairdt fort from Kalsi. The nee 
ef observation isa pillar built in the centre of a platform of loose stones. 
The points intersected from other statiens, were, the extrem corners of this 
platform. ~The plan CB 5.) of: the sfation will shew, how the reductions 
are obtained. 


_ ‘Tue corner endl at Timli i is ; the S, E. one ; ; it is ‘9. 6 feet from the 
pillar, | from. which:place it forms an angle of 103 38. ‘These data with. 
the distance 90,456, gives the reduction at Timi 214 + in Asmuth. 
Bhadrgj, Awe different corndrs were observed at different times. The firs 
time the 8. E: er middle one as it thence appeared.” The angle “er 
this forms with Bhadraj was found to be 29 04, which with the distance of 
Bhadra 38,607, and that’ of the corner from the pillar 9-6 feet, gives the 
reduction at Bhadraj 25° ‘0-— in Azimuth. The seddnd-titne the extreme 
. corhers were observed, which gives the place of the centre or - middie point. 
Now’ from the diagram it may be seen that this “point ‘as viewed froth 
Bhadraj, falls to right of the pillar °6 feet, which at that. distarice subteads 
Sl the a in Azimuth itis —, 


“15th Station, 2 Bardt Forth = 
Tis is also one of -thé-points of the great triangulation. The station 4s 
however differenbin the two triangulations; in the amall one it is thesouthiccr- 
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ner of the outer fort, i in the large one, it is a  pilfar within the inner fort, the 
distance between these potnis has been deterspinell aecagatal y;\beilip-eels- 
sary forthe solution of some of the great triangles; The fignre (4g, '6) wilt 
shew the'relative [onewn and distances of the several potato.) . 1: : 


Pe | 


;? v ty) =F 


re ; ae oe ee ee 
Tur point observed was dete staff at the eerneref the, hasten, byt-the- 
circle could not be set up exactly’ m this. paint. . lit: was. placed; qn.a pillar: 
9-1 fect from it, which fotmed an angle of 23 Qs with WBhadraj, the latter 
being to the right; with these. data, arid the distances, ‘the pana irine rene 


; (WON eM, 4 
tlons my be calculated. - SN ee Me a ee 
eT ° Reductions to Cortre, Disb 7B Beets eee ae 8701 
ens a ce AN 
| Stations. : 





Feet. ° , 
Bhadraj-Jounpir, . - eresecee erteeee 38'946 : 5° 4038 $3 45 L. 9°7447 29:4 — 


Bhadraj Din new station, .. seus eee] 38°829 AlOs | 23 25 RK. 5992 16°0 + 
pe ecu aie ee $3380 9359..E) 23 46 Be he? > 899, ORT 
ee ba pewdanad aaeeeneeeeess | 107570 49683 74 20 R. 35 | 140 
kanda;,. ee eves chccccccscceef E27°45H fF:  §8946 Bd a 
Bhadra Sonor, aloes gis Weiates 19°13} —— aR ae ie ie oo 
CQ handpiir,y.. cecssncces ve sesenat Q6@12 - 50078. ry 2 Ros 029. 4 
7 2 mi = 


' 


ey. hte he wo bourses co > 


- \6th Station, Batrés Math or Silgsr Stockade Y oles 

Tue point obsetved ‘was the contre ef a stoell Math ox temple aborh; 
one mile from the fort, the folowing reductions.are calculated, Lil uptis a 
Reductions to Centre. 






































Distance | 4, Coo of ngle be- 
Stations. from centre io ogarithm. Fess stati-| Sines. 
of stations. g ons _ centre. 
Feet. 
Bhadraj-Jounpurr,.. ccc cececeess 47°14) 5°3266 177 38 R. 8°6159 
Bhadraj Dim. F lee eee 47°559 3228 | 13605 L. 9°8411 
Chandpur, .-seeccececseeceesers 90111 0452 ? 90859 
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c'Pers °°. 7th Station, Chendpta’ Peak. - 
- "Tues like Bhadray, Surkanda, Bairat, is one of the stations of the great 
triangulation. -:It isa fofty . mountain being elevated above Sehdranpir — 
7548 feet. The qbyect’ observed was the centre of a stone temple. The 
distance and the relative situation of this building, and the pillar on which 
the circle’ was placed, ‘are shewn in the figure. With the data these con- 
tained, aid. the distances, the following reductions are calculated. — 

ae aE aa | Reductions to Centre, Distance 44 Feet. | 

















— Bees “4 Distance Angle be- 
Stations. rom centre a Co. of ae i Sines. 
of ee 8 
By vee gecee. 196018 42996 yerobis] oss: 95548 | 25: 

ee Ditty... .+seeerreeereees 125-164 9025 | 159 46R. “5389 

re ec ree 98-21% 60078 | 14517R.| = 7555 
Bie Stockade, ., eywmoese oceseses @0°8 01 0452 137 21 R. “8309 ¢ 
Surknddy.ccssccpssces ence sese| 225°006 46467 | 146 45R. 7390 | 920 + 


Fao every station ‘but Baivds this point was observed, but from that 
place it could 3 not be bléaily seen, being in a great measure hid by another 
building, \hiok is-chewn in the plan, (fig. 7). The distance between their 
centre measured on a perpendi¢ular to the direction of the Bairdt station 
is 5:3 feet. This sibtends at the distance of 98,212 feet an angle 10-8, and 
this ‘is the vale of the reduction in Asimuth. It is + the true centre 


‘being to the-sigtit “of the other as seep from Bairdt. 
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Te preceding determinations may be so arranged as to draw from 
them a very satisfactory mean value for the height of any one of the-moun- 
tain stations (the Chi‘) above that in the plains, Belville: those that are 
nearest to each other, being supposed most correct as free from the uncer- 
tainty of refraction, and having larger angles of elevation, and depression, 
answering to equal differences of level. 

Thus, Batrdt is above Bhadraj, ...secsscocerses 89 
Chandptir above Ditto, ....sccesvesesesses 1062 


Ditto above Bairdt,...csscccccensecccsece: 973 } 
By direct calculation, , ....0++00s teseessee 953 


ompmemmaeng’ 


Mean, 968 


Again, Surkanda is above Bhadraj,.. eipeeeseeees 264e 
Bardt above CILtO,. ser seeeveemccvoesenes so 


q Seumtaescee 


Surkanda above Batrdt,...cccccccsccseces. 1,683 
By direct calculation,....ccesesssscccseee 167% 


“ FEET 


Mean, 1,677 


Chandpiir above Bairdt, lsaansinemaes “96S 


Surkanda above Chandptr, agerntansees 714 (2 Results). | 
« By direct calculation,....... +. vecsssessese Ol (1 Result). 


“ Mean,. - 710 


Himsa Lava Mounraré, «Br 


Caur above Bairdt, 


Chir’ above Chandpur; ...+...° 3,128 





Chandpur above Bairdt,....... 963 ©. 9° |. 
—— mene 091 
Chi above Jytek,.c.c.eecee.- 6833 | ae 
Jytek below Bhadrdj, ..... -. | 2,658 
Bhadrdj below Bairat,......- 89 | 
| | 4,086 
-By direct calculation, .. 4,092 


| ie etait, | 
Chandpur above Belvillej...6.° 7350 = 
Chitr’ above Chandpur, \s... 3,188” 
: | —— "10,678 
Bairdt above Belville,.:...:. 6549 ° 
Chir above Bairat,... oe ee 4,090 
. 7 me 10,639 
Bhadraj abeve Belville,.... 6,419 
Chur above Bairdt,........- 4,090 
Bairat above Bhadraj, . ee 89 
10,589 
Surkanda above Beilville,.... 8,326 
Ditto above Chandpur,.....¢ 710 
Chur above Ditto,...+.. — . 3,128 





é _ 10,744 
By direct calculation, 10,731 
Mean of 5 values, 10,676 
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Tus then may be taken as. the. probable height of the Chir station 
above Belville. To which’ adding* 1013 feet for the height of the latter, 
above the sea ds determined from barometrical calculation, we get finally 
for the height of the Chir station above the, sea 11,689 feet. From this 
the following mean values may be fixed by applying the several mean dif- 
ferences of level before found. a 


Chiz' station above the sea,.....eeeeeeeeees 11,689 
7,599 


~ 


Bairdt,...ccccccvecscecevecnecegeseteseces 
Bhadrdj,..csccecsevscsacecececescssccesees F910 ; 
Surkandaysoessesseseceneceesenn ec sescae 9,271 
Kédar Kanta,.....+.20++. set ees eres eceens 12,689 | 


eo - @ aw # 


Ri: ie piaewialeaeasserewnes 14,302 


\ 


Tytleysoceveereesseeeesccseeeuescsecsenes 4,854 
Nitta sacatnectinneasicarccames 8,561 oe 





Tue refractions it appears are greater where one of the stations is in 
the plains. 
‘Thus, } Belwille-Chuir’ give,...... 


’ 


| 10.44 | 
\ - : . Batrdt,..... ‘ee ° pias: 
188 
Surkanda,...... —1: in 
ef 10.99 
Bhadra), ........ 
11.73 
— Chandpur,......4 
en nal 
Mean, _!_ 
. 11.19 


| 
* Tax first calculations gaye but 853 feet-for this height, but the observations were much Jess 
complete than those subsequently made as described peloy: It has therefore been necessary to 
cancel the first list of results, and to sabstitate. a new one in which the difference of .160. feet .has 
been added te the elevations fermerly inserted, and a number of additional observations have been 


appended. 
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Wume for heights varying from 7, 000 to 14,000 we are 
 Surkandla-Bhadrdj, petecieenia 
Bair dt,. oc secceees 


1 
15 41 


Arama; ieiusaeiey eke 

- Uchaldri,.....06. 

SG Chandra Badanf... ™ 
Chiz’-Bairat,......0.66. 2. 
Chandpur, .. 6.6... 

W harti fort,...... 
Batrat-Chandpur,. ey ee 

| + Bhadréjy.seevees. em - 3} 
Kédar Kénte, peer 7 
 “Uchalari,. tec eaccee 22 
Chandpur Bhar. potiseee acre 








‘Mean, 


_ Now although from the elevations of the snowy peaks being far beyond 
14, 000 feet, we might safely take a much smaller ratio than + = yet to be 
within the mark, we'will content ourselves with that ernantity., The ex- 
treine difference in the coefficent, is = to = that is nearly as 2 to 1. Suppos- | 
ing an arc of 60, this will either 6 or 3, leaving a doubt of 3, and this 
generally on angles of. 3 oro 55 of the height, that is of 10,000 feet — 170 feet. 
And it must be recollected that this is taking not a fair view of the question, 


but an exceedingly unfavorable one, for it might be safely asserted that in 
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no case is the refraction in viewing a snowy peak from an elevation. of - 
7,000 feet, so great as 73 of the are, while the distance also is never 60. 
Tus following table, contains all the elements of the calculation of the 
elevations of the snowy peaks, .The formula is H — D tang. (CE + 43— 
;, } ) where H, means the height, D the distance in feet, 3 the angle subten- 
ded between the verticals of the two places, and E the observed altitude. | 


In finding 3 allowance has been always sei for the figure of the earth by 
using table 3 of the appendix. _ 


ACCOMPANYING there is given a catalogue of latitudes and longitudes of 
all the positions that are trigonometrically determined, with the elevations . 
of as many as have yet been fixed. The formula used is sufficiently ex- 
plained in the appendix. It only remains to say, that the latitude of Bel- 
ville has been assumed as that likely to be nearest the truth, being deter- 
mined from a gr eater number of observations, and under more favorable 


circumstances: 


| ‘Tue Azimuth of the’ Chir station from Belville, was determined, by a 
number of double elongations of the pole star, made by both observers, with . 
the circle, to be 3:25 05 W. of N. Asimuthe were also observed from 
the Chir from Sur kanda, Bairdt, Uchaléii and Kédar-Kénta. The 
several differences of Azimuth being: calculated ‘by the formula, and tableg 
given in the appendix, and applied to these, the differences are. in no case 
found to exceed what may be fairly attributable to observation, that 1s to. 
say, they never exceed J. But asall, except the Azimuth from Batrat, were 
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observed with the theodolite and deduced from comparisons with the sun; 
(a method not capable of the same precision as that of elongations, it 
was thought mere correct to confine ourselves to the original Azimuth from 
Beiville, determined in so much more satisfactory a manner, The others 
indeed were principally observed as checks, and to be an assurance against 
the intrusion, of any errors, not properly belonging to. the subject. 





Barometrical “Observations to determine the Height of ‘the Station ‘near- 
Saharanpir,.above the level of the Sea... 


X 





: Tis scsi point it % hoped is satisfactorily settled ‘from ‘the ‘eigh-- 
sai corresponding barometrical observations made at Sahéranpir and 
Calcutta, for. that express: purpose; . -with correct mowntain-barometers, i in 
which the level of the:mercury in: the cistern can-ulWays be adjusted: - Res 
for w rant of..the -verification-of the-zero- of their seales, the observations 
usuatly made in Calcutta for ‘meteorological. purposes, are not ‘sufficiently - 
correct, to use as correspondents where differences of: lieight are desired: -:. 
we rather chose; to determine the différences. of height of Sahéranpie, and: 
“the sea, from.the assumed mean height at which the mercury is supposed. 
by philosophers to stand’at. the sea level, onan average of the whole 
year, but to render-that mode of :comparison,. perfectly ,correct, it-would. . 
lie necessary, to have tlie observations;..taken during . twelve months at - 
Sahdranpir ; therefore, onthe arrival: ef a perfect mountain barometer -' 
in Calcutta; an.actaal. cotemporaneous comparison -was itamediately insti--- 


~ 
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tuted, with a similar instrument at Sahdéranpur as -noted below. The 
result, (all corrections made) is that 1013 feet, is the height of Sahéranyur 
above the sea. Thus a more correct determination having been obtain- 
ed, since this part of the paper, went to the press, it is substituted for 
the former assumed difference of level, and the present list is more accu- 
rate, and also centains more places, than the former, which will account 


for the circumstance, of several of the pages bearing the same number. 












| ; _ || Surveyor General's House at Chow- 
Sahdranpir Cantonment, Auguét 1821. ringhee, Calcutta, August 1821. 
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Q ny > isels & fe IS EIS E 
& WS SIQ & eat “ 2 | 2 
a | él é | él & 
Inches. ] 0 : Anebes. o oO. 
7th) 4 P. M.128-654 87° |88°5 }Fair. | “{129.652| 87 | 85 |Cloudy. 
Sth} 8 A.M.| °782|838-7 |85°6 |Ditto. 712) BS | 83 |Clear, 
tok | °780 {85-7 [90-3 jDitte. “Hl +720} 85 | 84 |Ditto. 
4 P.M.| °610/84:9 |85°0 |Cloudy. -700| 85 | 84 |High wind. 
Oth) $ A.M.) -713/90°7778'1 | A little sein. -645|:82 | ‘82 Stormy. 
10 °739 |81°6 [79°0 |Clondy and threatening. °657| 83 | 82 |Ditto. 
12 709 |85:7.185'9 |Fair, K. breeze. 675} 85 | 84 |Fresh breese. 
- 14 P.M.) -620/85:1 |86°6 [Ditto. °575| 85 | 84 |Ditto, with rath. 
1Othi10 A.M.| -780.179-2 |78°0 |Clondy, thunder. || 2750] 84 | 83 |Cloady, showers, 
12 775 \79'4 |76'6 (Raining. °685| 84 | 83 |Raining. 
4 P. M.} °680/81-8 |85°6 |Fair. 628] 84 | 83 |Fair. 
11th}\10 A.M.) °779/83-1‘185-3 |Raining heavily. 815} 84 | 83 |Cloudy and close. 
12th} 1 P. M.| °723(|84°5 |84°5 |Cloudy. *800| 84 | 83 | Ditto. 
4 °061 |84: - 4Ditto. °700 83 
13th|12 668 ; 83. jRain, close. 
|: 4 P.M.! °639179-4 178-1 | Violent wind. ‘700 | 83 |Ditta. 
14th] 8 A. M. | ‘700 |78'9 |77-2 | Light drizzle. ‘715 81 |Fresh breeze. 






"810 (80-0 |79-2 | High wind, ditte. 7291 82 | 81 |Ditto. 


ees co 





$4 
6 |79°7 |Ditto. i| °800] 84 
84 
82 


Mean, |28-706 |89°5 |89°6 


29°705| 84 } 83 
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*3.10 | AN ACCOUNT: OF THE 


A ppendix containing Geodesic Calculations and Investigations of the For- 
mule, on which they are founded.— With Tables. ° 





Y. Ir has been generally deemed sufficient to perform the calculations 
required in a survey, according to the method called Mercator’s, rendered’ 
very expeditious- by. means of the conformity, which the scale of logarith--_ 
mic tangents bears to Mercaror’s artificial table of*:cosecants of the 
latitude.. In navigatien,. where the distance-is‘measured on the Rhumb, | 
this method is strictly true, but it cannot give the relation:between differ— 
enees of latitude, or longitude, and the distances of: places. Considering 
the earth as a spliere,. it is evident that the shortest line- between any two 
points is the arc of a great circle,.and it is in this line that distances pro-. 
perly speaking should’ be taken.. Ih Geography, therefore, or. Geodesio- 
this method is not allowable, where a certain degree of accuracy is aspired 
to; indeed: wliere the distance is great, the errors occasioned.by it may be- 
very considerable.. | 


2. ‘To employ the common analogies of spherical trigcnometiry in 
these calculations, when they are.numerous, as-is the case ef this survey, 
would be a prodigious waste of time: it would-involve too, numerous petty 
errors occasioned by the want of suffictent extent in the: tables,. which 
might by accumulation increase to something considerable, that would in 
all probability occasion much loss of time in fruitlesa endeavours to correct. 
Put supposing the contrary of all this were true, it is still.to. be recollected, 
‘that the earth is not a: sphere, but. an irregular figure approaching 


so nearly to an ellipsoid, as to be safely considered as sucli in. our. finest 





Himazava Mountains. | 34] 


$22:600, and the distance of the pyramid A447 feet, we get the reductions 
to the centre of the station as follows: 


Reduction for Baird¢ in Azimuth, oo cccaccccccccccccccece as é 37:5 
_. Belville ditto, .......0.05. parieiansieas  -— 8 34:5 

Total reduction, ere | pains aoe oo «6 18 

Observed anglé, ....eccbeveesleeseceses 52 39°58 

ee ee a | oy. *3 gpm 


True angle reduced to centie,....sseecsccsccceseesvesees 52 35 46 


oe — « 


At Belville I found the om were. the Ch Chis pyramid, and Bairdé 
fort, as follows: . 


e ore - a 
« 1 fe .* 
kb e t %44— 4 ’ - 


Tine Asinuth of the Chit? “taken by double and single elongations of 
the pole star, was found by both Capiain Hopason and myself, to be 
3 25 05. This was by d mean of 7 comparisons with the standard mark. 
The Azimuth’ of Bairét Céuitre was in like manner. found by two such 
comparisons to be “38 OS gL, ‘Cor details see —— in December). 
This gives the Azimuth of the ‘pillar, ..c...cassccceee 28 OF 305,* 

Mean, 2 03 30°53 | 
3 25 05 


2168198 BBB 





SS SSS 
* Bw some ensatisfactory observations made before, Captain Honason had found it 98 08 00. 
On revising the angle powers melee enol above. < . 
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At. Bairat, again, the angle between the Chuy pytamid:and eft cornet 


_ 


of Belville, as observed by me with the theodolite; was ny a:cwean of 
oe many observations, 95 56 13, . Reduction 21 feel x= 4: ‘47. 


1 ; 


ese , Corrected angle, 95 56°30 


ios 


- Carrain Hopeson observed with his large circle,. the angle between 


the Chias™ — and the centre of Belville to be, 


. Reduction 9) feet,: : 


Corrected angle, 
These agree well."The three anglesaré then, Bairdt, 
7 Belville, 


t? 
eee \ ie ga 
er 3 ft 


par toi¢ : mg wh ‘, Sum, 
‘Should be, .. 


“aN 
‘hy 


. Sine Ar, Co,, . 98 56 13 . 0 
Pere ae eee ae 0002356, 


: 322,630 | , “S508,7 08 
:: Sine, 52 35 29  —._-9-899,997 


Pee . ° 
Belville-Bairdt, ... 257,635 °° 3411,038 


Sine, 31 28 18 ~  9-717,734 


“A anodtaieed: . 


95 55 17 





95 56 30 
95°56 30 —IT 

31 28 355—17 
52, 95. 46. IT c 





1g0 00 SL | a 
isg.0010 | 


{ om “4 Go 


eso 
aye “OS 


a 
‘, mn 
~ me 4) 


— eee? see eee + 
« - =~ = 


“DP senu sate wl” 


a " 2 ¥ : t . e ' 
Chir -Bairdt,. ee Pe ° 169,346 " $G2,7H ee tesa Of ys 12 G oil} * hed gt) 


FISECEAVIY Moo iat Nes, 45 


Sats. 2 4s 0709 ea a Me i ip ss coek a oA 
rood Histdice; 297, 655’ V0. SP §, BQ MGI a “ant, 038 


uth, 98 03 30 e 
_ Rc Cos. 9945,697. Sine, 98 03 26 67 2 424 
4 Spher, Ex, — 2 


Cf eb lemteeeg yf 
Log. * 5-856,735' °% =z 121,189 083,469 
_ Log. of feet in ' lat. $004,394 , 
Diff. of lat. Ist part 2950-8 ae DB5E34) 
Log. distance from meridjan =Tog. » 583 &u* = 0-168 








wees ch. { 4a Pap. Ste 1) Sai 
“Gigs + LI - e Te 6 7 B a ss HOFF 143 
ni es ee . eee 
Difference of latitude | secon d part, vey... 7 ne oe 
Difference of latitude first en seve - 2250°3 
: FP syrrctsely. aui— : 5 “9.0 ° apes oo a 





b y. ‘ 7 iy 


| aS oy ae e $qo8 tod tos 5 sy add Poe Ae 
. Lati tude. of Beluille, , 29 50 WD. a 
Crt “rsd bas wdarv0 101 PLOUBV Ise de 2 J 


6 


Cl VS « 





" Latitude of Bairdt, 30 34 38°8 


Ca 


‘Poasiow of Surkandu ob: oh ther base, nn 257, 655 feet. 
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Ar Surkanda I observed the angle between the middle corner of Bairdt 
fort and, the centre of Belville, (vide obser vations: - ded te be as 
follows: — re 

oe Hen 64 iss a re 
17th .-64 48-10 } 
a Phy corte’ +: 90th 64 48 37-5,.7 
| Qist :. 64 48 Bg a 
24th -64-47- 34 
e6th. 64 47 a7 2. 


oe “Mean, “64 18 04° 
Belitile-14 eet, 10 + in Azimuth. 
Bairdt 86 feet, 14 + Ditto. ae 


Sere eee gE IED _ i” 
64 48 08 | 
“opr Daren ebulite! Yo oops Riel 


— 
js’ 


“. . & 
gry gb erty S ‘ 
weal ,4 ‘kh Ve s a >, 
/. 


Reductipn tp centre, 


Reduction to Bait pillar 18 "feet,.. 
Since facet tgeatch Usl Yo vgn he 


Belville pillar 98 fet. O1 ti — in Asmat. 
wis ete 
64 49 48 


— —— = 


Ar Belwille the angle between the centre of Bazrdt fort and Surkanda, 
nt 
pyramid’ was found, (vide bist a for November and December). 
= =" 36 97 15 
16 


rw , 


1 
Bs 
ems * 


3 te oS Ow Mean, 28°87. BESS OA a” 
Reduction to Bairdt — 40 feet, ....  §2— | 


26 26 43 
{——_— VI 





Fieaw'naya Mountains. | B45 


Ar Bairat the angle was observed By mie in’ March “¥8I8. | : ‘Phe mean 
of a great many intersections, gave reduced to the pillar 88 43 39. 
Now weihave, e. i 
| Bairdt, ...... 88 43. 39 — 3 
Belville,......26 90: 43-3  ° i 
Surkanda,.... 64 49° 48 — 3 








---180 00 10 8 | 
Should be, . 2.;.180 00; 08 
Sine of 64 49 45 0-043,330. 
: 257,655 5-43.4,039 
:: Sine 88°43 36 9-999,899 . : 
Surkanda-Belville, 284,617 — 5-484,961- -;- 
Sine 236 26 40 9-648,682 
Pegi oe ae Ce ee ne Ste ae wee ee 
} . [oP apna ge ae ge ES 126,780 _9°198,090. ee ee 


| Gate fr, the Jatitude of Sorkanda. 
| Te _ Distance from Belville, 284, 617 
cn ima 96.98, 


‘ es 
teegirt 
‘bese 2 


‘Spherical excess, 9 
Log. ‘84,617 5-454,261 . 454,261 
Cos. 54 30 16.6 9-763,924 | ‘Sine 54 30 16 910,709 | 
Log. ii 5-218,185 — 2 5-364,970 


34g Aa accbuny er sual! 





Feet in Tap... 5 “21006888: coe ena ot Sock WN 
a eee alyeedan ouc. dang pb 
1636°1 3218,787 
Diff. lat. Ist part, 27 1@1 


Log: #* 0-780. 0 
Tab. 8103024 = 0-14 


75 OB74 
Ses ; *. 
27 08-6" 
99 $7 10 
SO M4188 - = oe oe 


f 


Bur we may also calculate the | a aes of Surkanda taking as dur base, 
the distance Belville-Bairdt as deduced from the observed latitudes. 
Latitude of Belville, pea 29 57 10 
Latitude of Bairdt, aia . 30 $4 98:5 





Azimuth 28 03 15: ain of latitude... . 18:5 = 2938°5 
a Log. 22385 $349,957 
oo, Feet in 1 lat | 2°004,392 
Log. factor to tang. 000,017 


. 5-354,366 


Himdvava Moun'ratys. 347 


(os. Ze | 9°945,697 





qe 


256,240 = appr: value?.== 5-408,669 


Factor tofang. =... — 022 
A* 0817 The square of the Ist term, or appro- 
Sine Z, 9672... > .- ©: Eximate value of 8. 
Tang. Z, 9-727 rn 
Tang. L, 9-775 Rs eg: 


7 Ax. Co, 2-378 


4 232 = correction, 2°365 } - 





256,472 Belville from Bairdt. ae 
Sine 64 49 45 Ar. Co, 0-043,336 


256,472. 5-400,042 
Sine 88 43 36 9:999,893 


a tet 8, ee a 
Surkanda from Belville, 5°452,265 == 283,312 feet, 


Calculation of the Latitude. 
- Log, distance, 5-452,265 5-159,975 
Cox Z } S. exces, 9763924 Sine Z—4 SE, 9:910,709 





Log. * 5-216,189 Log. « 5°362,984 
Feet in 1 lat. 2-004,388 





1628-6 - $211,881 
VOL. XIV. 4T - 
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we = =—0°725 
Tang. L, 9°768 
.. @ RAC. 4385 - ee 
pt Ar, Co., $988. 
epee 
- Correction, 0866 ¢*.- 


97 O13 © se 
29 5710 - a Bees s 


_ ——7 


e 


30 24 11-3 latitude of Surkanda. 


a 
ry ‘ % 
t i : m a8 
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~ & t uO. own 
Ww ' a 
tf * : e 
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- 9 * 
ae & » es oe an a! 4 S 
w 
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t at e ‘ * s i! 
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Various Tables useful in expediting Geodesic Calculations; Calculated on 
_ he _—n OF ss naan 6 an + Equatorial — " ‘60, on Fathoms. 





mee TABLE + | ‘) 
| The length of the Degree. and Minute of Latitude m Fathoms with 
their Logarithms, aled, ‘the Logarithan: of the Radius. of Curvature of the 
Meridian, to every 10 of Latitude. i os ee 


_> were oe 


Degree of +; Pe ai : } of Ha | Hee © Rashes 
_ Latitude: es Pt a in i w. oe of Curvature. 


; -1010°128 ae | 004,3784 
“153: 025° ” 3871 


“<« 
e 


-- -ey- 
we + 


~ 
e 


e 
. A 


id 


e 


SSEaaonec gage oueae =. 


"00 

' 10 
20 

_ °3d 
-40 
60) 
00 
1d 

2q 

30 
40 
60 


. = 


met tl ee ey et ee 


& 





ae a 4edas [TABLE a 








an mernrmmn alcaraar ai 
D if Log. of Radius | 


g. 77 
Dif. thoms in " of Ourvature. 


or ft.in 10"; 





a 
én 1 









oe 11015°085 ede 006510241 371 6542,7764 36 














008 0612 7800 
+102 \° -o9s3 | _ 7836 7 
Sep |: 71tO 1854 vara | 30 
“a6 198 2796 | 7944 | 3° 
ee +137 2466 | 56 | 7980 | 50 
L359 -°145 2822 | 8086 36 
st 153 +3178 8052 | 3° 
a 162. +3534 goss | 36 
be -170 -3890 | 8194 | 36 
ae 178 ‘A946 | 8160 | 3 
0 187 4606 |. S196 | 






ar | 
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TABLE 3. 3 | 
Difference of the Meridional and Perpendicular Degrees, multiplied by 
the square of the sine of the Azimuth or p— m. Sine’A. — 




































o | Diff. | Diff. 7 .-o | Dif. | Dif. 
fAz.| Lat. 30 | , Lat. 32 |Az.\Az,| Lat. 30 | , 7 o Lot. 32 | Az. 
10 As. 10 Lat. 10 Az. |10 Lat. 
FATHOMS. FATHOMS. oy 
1 0:1 op | 00 128-0. 0-4 | 192°8 
2 0-4 01 |: 00 133-1 Q4 } 1377 
3} 308 oy | 00 138°3 05 | 132-7 
4 1:4 oy | 0:0 143°5 0-5 | 137-7 
5| 23 og | 00 148°7 0-5 | 142-7 
4 3:3 09 | 02 1530 O05 | 147-7 
7; 44 og | 070 159°1 ,O5 | $587 
s| = 68 02 | 00 164:3' '@5 ; 157°6 
9} 7:3 0:3 | 00 169°4 ‘06 | 1626 
10 9-0 o-3 | 00 1745 0-6 | 167°5 
11] 86108 og | 0? 179°6 ,@6 1 172-4 
1 126 0-4 | 20 1847 06+} 177'3 
13| 15-0 0-4 | 0° 189-7 @6 | 1821 
14,174 o-4 | O82 194:7 @6 } 186°8 
15} 899 [54 | Of 199-6 @7 1 191°5 
16| 22:6 os | 08 204-4 or ij 1962 
17| 25-4 os | Of 209:2 | @7 7 2008 
1B} 284 | og | (O72 B13 - .@7 3 205-3 — 
19} 315 | gg | O8 216°5 0.7 4 209-7 
20| | 34:8 og | 223-0 0.7 | 24-1 
e 
21} 38°2 og | Oo 927°5 0.8 | 218-4 
Q2| AL‘7 og | 231:9 08 | 292-6 
93| 45-4 og | o2 236°4 0:8: | > 226-6 
24] 49:2 o7 | oO 240°3 0:8 | 230-6 
a 53:1 o7 | 02 244:3. 08 | 2344 - 
26, 571 | og) 02° 248-2 - | O8 | 238-2 
27, 61°38 o7 | 02 252-0 08 | 241-9 | 
28] 65'5 0.7 |: 2 255°7 ", | O8 | 245°4 | 
29] 69:9 07 | of 259-2 0:9 | 248-8 
30| 744 o7 | o2 2626 -{-""* | 09 +] 252-0, - 
. . a I 
31|. 78:9 0.3 | 2 . . 2660. / |oo | 2653. fF 
32} 83:5 08 0:3: -269°0 00 .| 25:2 © 
33! 88-2 og | 0% 2720, FON LOR: |} BAO |-738 |}. 
34) 93:0 og | 23 2748 - oo if 263-7. |! 
35| ‘98 og | 08 ‘75| ‘277-5 “* {09 |f 266-3 
36| 102-7 O38) 2300 | 0-9 | -2687° 1-76 
0 e ec 
371 1077 5 08 | O4 77\ 999-4 | O8 foo | amo | 77 
38] 1127 | og | 0-4 | | 78| 9846 |: 7. 110 | 2731 478 
39] 117°8 0-4 O3 |). Ox5-0 
08 | 79| . 286 6 og | 20 275-0 79 
40} 1229 og | of | 1179 80| 288:4 0:3 | 20 276°8 80 
ET I EE ST ht SSP SS USD SS 
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TABLE. $,—Continued. 













Tr | z 
dz.\ Lit. 80 





dpe ae Las. 















FiATMeOMS. | wg troy tng 

290° b og | 10 278-4‘ | 81) B6l., 296-0 P. . 10°] :2840 | 86 |) 

296 og | FO: | 1279°8 - 87). e Ko: 10 | ‘2846. | 87 | 

2930 Jigpg | 10. | [2811 83] Bol. 1:0 |, 2850 . | 88 

29-4: 1, og | 10. | 12823 nh : ‘1-0 | 285: 3 | 89 

405} Loy | PO | 12832): 35 te 297-4 10 | ‘285-4 ia 

{ ‘ ; ' é 

ule : ' ’ ‘ i 
4 | | \~ - 4 ' " , me se ’ 
Pe | TABLE -4. 3 : 
\ < i = 4 ; J , 
a ee re \ Spherical Excess. =! : 7 
; Ges i ‘ » wt v 
Adjacent 












t 


. Ad } Q, ee : . ; 
ae oo OO Tap. Eagar >i. | jaca | Fee. : Diff |Légarithes | Dig. 


















































































oe eae te 44°: "| 174 
- 1 89 041 s 21°69 791 Hoe] (8982-1 aes 
2 88° oss | fo 22:68: | 821 fog. | 9145 | ot 

8 87°: "123 | Ae i 2367 |. -B50. |.g5. | | 9296 «| 44 
4 86 “165 ‘6 24:86 | -879° | 3,. 0438 | 136 
§ 85 . 205 40 85 65 “906 26. ’ °0570 192, 
' 6 84 945 26 64 932 ; 9602: 

733 | . -286 - 27°63 957 ae -9807 i 
' § $2 $26 39 98 62 ‘990 | 64 .| -*9918 de 
9 81 365 | 59 29 61 1602 | 3, 0011 | Oy 
10 80 “404 30: - 30 60 1-023 29 | 970102 84 
11 79 “443 31 39 1-048 0:0186 ; 
12 78 481 | Se 32.58 | 106s | 13 | o-osse | 78 
14 76 655 aa 34 56 1 696 is- | 00897] 60 
1575 | -692 as $5 $5 1-211 13 0:0457 58 
16 74 626 ai 36 54 1124 {44° | 0.0509 ' ia 
17 73 661 eA 37 53 1136 7 0.0555 .| 4, | 
18 72 695 | 55 38 59 1:147 9: | 0.0596 | 3, | 
19 73 ‘728 aa $9 51 156 | 3 | 0.0631 | 50 
20 70 *760 40 50 1°164 6 0.0660 a5 | 
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Length of @ 
riven sidé. 


538,516 


547 5722 _ 


556,776 
565,685 
574,456 
583,095 
591,608 


600,000 


608,276 | 


616,441 
624,500 
632,455 


640,312 
648,074 
(655,744 


714,143 
722,110 
728,011 
7 34,847 


“TAN,6% 


a“ 
756,983 
761,577 
(‘768,135 


977% 597 
781;045 — 
787,401 


793,725 


- 800,000 
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| 
TABLE 4,—Continued., | 
eae oe | Dig: | Logarithen. Dig.| Multiplier. 
° oO 
4149 | 1170.,| © | o-o8e5 | *8 29 
43.47 1 Liiva.) § | ‘aoe |g. : 
44 46 | 1181 | | | Ooms | 5 | St. 
45 45 1-182 — ‘ O-0727 ». a s 
e 5 : x 84 a 
Multiples of the preceding. . 
set Length of the{| 12... 
Multiplier. given Side. | Difference. 36... 
-97 a 
1 100,000 
2 141,421 ce 2 » 
3 173,205 1,784 40 
4 200,000- 26,795 . ; 
:§ | $293: 607 23,607: Aa’ a 
. Pd 21,342 4a 
6 949 a8 48 
7. dau ' 139,626 | » 4 r 
(8) . 282,943 18,968: 46 
3 17,k67: © a. ; 
| 10 seas | ene : 
! eee 15,4945 [1° 78 
ih | 331,062 AB 
, 19 | 346,410 04,348. © - 4p 
13 360,555 - f 4des 60 
14 | 374,166 °*¥ =| 15,014 “3 
15 387,208 wef 3, hog ; Bi 
a riot ‘pi 2,7Q2 se 
G | 400, Pee 5B 
. 7 41% 0? r 42,380 °°. ba 
4g. 424264 of! Ibe | 35 
9° 435,890 ‘ 11,096: . 
roa 40 447,214 nee 1,324 ~ 66 - 
on, ag 7 1,@04... By 
* Qt | 458,258 
fe ae ‘genau tif) 20,78 |. = ; 
| 43 479,583 ‘ j O, 342 6p ‘ 
| 94 '490,8p8 *-| oe 
i 5 é i ; ; n 
: : erccs ede | 9,992 o . 
L° 96. 08,90 f-  OT, 6s 
27 519,615 ’ 64 
28 629,150 8,585 65 


| Difference, 





* + 
ie 
em eee Ome ty eee aegis | 














-and — 
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OPABLE: 5, 
OF the Difference, of the Logarithms, ofthe Are and Tangent, to six. 
places of Figures, with the length of the Arc in Feet, both on the Meridian 


and Perpendicufar; and, thie. Logatithnes ‘of ithe several Ares‘ in Seconds 
| os 


‘ ‘ 
Voi. 


Wat J uly 


‘Feet on the 
Meri ian. 


fyb 


94,244: 
46,180 : 


193.960 
248,120° 
248440" 


284, 570 
266.600 


278 810 


290,960° 
308,020 


316,210 


327,270. 


339,400 
351,570 
368,670 


375,760 . 


387,890 
400,400. 


ALZ200 - 


424,230 
436,420 


| 448,540 


460,700 
472,720 
484,850 


497,050 
509,100 
521,200 
533,400 
545,500 


Lagartthm. 


4:3346 
46856 
4°86 17 
4°9R67 
b uae 


5: 1626 
3 <ZnDT 
-§-2877 
8 ‘3986 
8-S8416 
a ee 


614086 


54360 


, §°4453 
'5°4688 
$°45 


5:4086 


85142 © 
-§°5307 . 


55460 
5 5687 


$5 RO 


$5837 
5 615E 
56376 


5°6309 
§ 6518 
56634 
.6°6746 
6:68.46 


56964 | 
‘| §-7068 


§ 7170 
5°7270 
5°7368 


‘ ; 


_ ~ ww 


| Feet on the 
— 


24,361. 


48,720 * 


73,080 
07,460 
i@t oa 


146,180: 
190,530" 
194.900 

200,280 
.208;6805 


266,800" 
‘260,000 
"980,200 
299, 380" 
. 304,510" 


$16;748 
$28,868 
341,040 
868,270 
365,420 


877,480 r 
389:770 . 
401,970 

414.990° 
426,800 - 


t 


438,540 


450,720 
462, 920° 
475,010 
,487,2Q0 


:499,460 
511,790 
523,700 

~ 535,900 
548,100 






f 

oe sl ewe ew se 
| 4-3857 - 0 
| 4:6877.. i 
|| 4 8638 9 
i .4 9868 3 
50857 . § 
- 51649 7 
5 Osisif. 
. 62808 42 
i 83 | 16 
'5°3867 | -20 
54079 | 
5-4981 it. 24 
He. 26 
-5°4659 28 
54836 St 
Ss ye BS 
5 5140 :+° 86 
5:53 38 
5: ie if ae 
os) . 44 

as 

_5:5740 ‘AT 

55008 «|. 58 if: 

5-60 53 iy 

56172 “ESR | 

5 62 % 66 ; 

" t 1 

56440 ‘L 68 fe 

5:6549 |} 67 
56655 | 71 
56767 | 74 

56877 | 78 
56985 _ 82 
5°7090 86 
57191 | 91 
5:7291 95 
5:7389 | . 99 


SEED cap CEERI 
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"se 


GO Gs 





tla te tecbets 28 corto 10°20 Sonam eecss 


ty de de in Chee de toe 


—ep es —qeeeen See ee ere 
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TABLE 5,--Centinued. ~— 1 

































ae » | Feet om the op} Feet-onthe |p -' °. | Dig are) , ft 
4rc. | Logarithms of | Meridian. Logarithm. Perpendicu ‘ta Logarithm. & Tang. Di ff. 
. ¥ ‘ r 1g . ' 
e bif. | ‘ 
e 3-7419 557,600 _ | 57463 | 560,300 57494 | 104 | , 
- 341 37513 569;800 5:755% 4 572,500 57578 -| 108 jf 
36 | 3-7604 581,900 57648 | 584,600 57669 | 213 P 
38 | 3-7694 594,100 57738 | 596,900 57759 | 118 4 
40 | 3-7781 | 606, 100 57825 | 609,000 57816 | 122 
_ 42] 37867 618,200 5°7911 621,100 ' 5°793@ 127 - 
44] 3:7952 630,400 5°7996 633,400 {° 58017 132 6 
| “46] 38034 642,400 5°8078 645,500 58099 138 5 
48] 38116 654,700 68160 | 657,800 5°818h f. 143 : 
50 | $8195 666,600 58239 | 660,900 68260 -] 148 | ¢ 
52 | 38274 678,900 58318 | 662,200 58330 | 184 | , 
54 | 388350 |. 600,900 6:3394 | 694,200’ 58415 | 169 } 
56 | 38496 703,100 58470 | 706,500 5°8491 165 , 
58 | 3-8500 | | 718,200 58644 738,600 5.8565 wt | 
200| 38573 | 727,300 58617 | 760,800- 58638 | 176 | 4 
01 | 38-8609 733,900: 58658 | 736,900: 68674 | 179 |, 
02 | 3-8645 739,400: 6:3689 | 743,100. 58710 | 182 3 
O08 | 38680 745,400 5-8724 749,040 5'8745 185 3 
04 | 38716 751,700 58760 | 755,300 58781 188 3 
05 | 88751 757,700 8'8795 | 761,400 58816 | 191 | 
06 | 38785 | 763,700: 5°8829 | 767,400: 68850 | 104. ]' , 
07 | 3-8819 760,900'. | 58864 | 773,600 5°8885 | 198 3 
os | 38853 775,900 58898 | 779,600 58919 | 201 ; 
09 | 3:8887 781,800 58931 | 785,600 58952 | 203 4 
10 | 38931 787,900 &-8965 | 791,800 53986 | 207 | § 
} . 
11! 39984 794,000 58098 | 797,800. 59019 |. 210], 
12: ooo 800,000: 59081 | 803,900° 59052 | 213 
13/| 3-90 806,100 59064 | 810,000 | so0as | ai7 | 4 
14:| 39052 812,300 59097 | 816,300 59118 | a0 | 3 
15 | 39085 8is,s00 | 5-919 | 823,300 | soso | ess | 3 
{ : 
16] 3At7 $24,300 5°916r | $28,300 &9le2 | 297 
17; $9149 830,400 | so19s | 884,400 | 5-0214 | e30 | 2 
' we] 3-91 836,400 59224 | 840,400 69205 | 233 | 5 
19 | 39212 | «| e374 
20} 392943 . wt: 3 
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TABLE ‘6. 
Of the distance in Feet between ‘the points of intersection of the Verticals, 
with the Polar Axis, for a given difference of Latitude. 






70 | 3s 1 20 ae lias | 190 lesa 














o ; ~ : ; : 

30 | 5-6 v2 | 0-7 | 22:8 | 279 $35 | 30-1 | 446 | 502 | 55:8 | 61-4 | 670 | 72-6 
32 |. 5:5 | 109 {| 16-4 | 21d | 27-4 | 32-8 | 38-3 | 458 | 49-2 | 54-7 | 60-2 | 65-6 { 71 
TABLE 7. 

Of the Spheroidal Correction of Latitude. 


Argument, Difference of Latitude. . 
26 | sd fa | 567] 05 | ro | od | 96 | sos] un 1 196 f isd 
ihildelabslepsbail ete t els 





ee re ee —_ mo ge 
, me JF ABLE 8. | : a 


Of the Factor for difference of Latitude, of the ends of a Perpendicular. | 
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TABLE ‘9. 
~ Of the Factor. Rv 










Argument, value of tn Feet. 





















































Feet. - Feet. , Feet. Feet. - Feet. 
100000 | 200000 | 300000 | 400000 | 500009 | 600000 | 700000 | soc000 
Log-of| 4760 | 5-362 ] 5-714 | 5:964 | 6153 | ‘e316 | 450 | 6-566 
Factor. 
TABLE 10.,..--) 


Of the number of Feet in I of iaiias with the — 










“Feet in ‘Feet in| 
Let. li enw | 2 Lat. ae | 2 legen | Lat. Vi 
1 
‘. O14 ee , “Best. ve ,). 












































o ® ° 9 {.- 

30.00 87°91 | 1°944,088 | 30°25 | 87°54 1/942,20% |.30°50 -41°040,344 
01 *89 943,960 26 52 949,128 ‘61 *940,269 
02 88 943,887 | -27.] ‘Sl ], +942,054 “52 | 940,194 
03 *86 943,815 28 *50 39 41,980 63 940,118 
04 85 943,742 “29 “49 941,906 “54 940,043 

' > 1 toy ' : a 
05 84 943,669 *80 47 | +941,833 °55 709 | 939,968 
#06 - :82 942,596 “31 | °45 941,750 | +56 07 | :939,892 
207 B1,| ‘943,528 $2} -°44 "041,685 | °87 706 | *939,817. 

' 08 79 943,450 - "38 “42 "941,610 { 58 | :05 | 939,742 
‘09 ‘78 | 948,377 “34 arf: 941.536 “59 103 | -939,667 

















“10 | 76 | $43,805 “85 | -39 | --04t,462 | 31-00 | ‘ 402 | -939, 592 
“11 9751 -batese} 36] -sst oat, 388 | -ot tf ‘-00 | -939,516 
"012 73 0437159 +37 "36 '[ O41, $13 02 | $6:98 | -939,4410 
"13 72 | 948,086]: -°38] -35 941,239 03 | ' -97 | -939,364 





“ag | -70 “043,013 |. +39] «-33‘T 941,165 | =-04} “+95 | -939,288 






















15 69 942,940 “40 | -set 41091 | 05} 94] -989,912 

‘Ai {| -31 | 941,016 | 06} ‘+92 | -939°1860 
“17 66 |: 049,704 -42| +29 | -940,041] 1-07] 91 | -939,060 
"18 “64 |: 942,720 ]°''-43| 27} 940,867] |-08 | 269 | -938,084 
‘19 | - 63 |' *942,6471 °-44{ -26] -940,792 | -09| - 588] -938,908 





















45 | 24 -940,727/ -10 
46) -28 | -940,648) -11 
471 -@1 | -940,568 | 12. 
940, 493 
‘940,418 


“QO “61 
21 ‘\ *60 
"22 °58 

© QS °57 
: 55 


| 949,572 | 
' -9949,498 
‘942,424 
‘942,350 
+942,276 


86 | 038,832 
85 | 938.756 
83 | -938,680 
82 | -938,608 
‘80 | 933,597 










16 °67 r '°949,867. 
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TABLE 10.—Continued. . 




































- ¥Fetin). | (Feetmn|) Fest in 
Latitude. | ". Logartin ame] garithm. 
o , . 
31: 15 | 86-79 | 2-938,451 | 31°30 | 86.56 | _3-937,301 . 31-45 | 86°33 | 1:936,139 
- 16 ‘77 938,374 -3} 54 | | -937,294. “46 "31; °936,061 
"17 ‘75 938,298 “32 63 | .°937,147 47 | 29 | 934,983 
"18 74 938,222 °33 “51 937,069 48 28 | °935,905 
19 73} 938,145{ | -34] +50} 936,992 *49. 26 | °925,827 
20 ‘71 938,069} - -35.| 48] 936,915 50 | .°25 | °935,749 |. 
21 79 | 937,992 36 | ‘461 .*936,838 . *51.| °23 | °935,671 
92 “68 -987,915 -37,.| 45 | .-936 760. “52 | °22] 935,592 
23 66 987, 839 38 43 | | -936,683 53 | ° 20 | :935,514 1: 
‘24 “Ai5 037,262 °39 42] 936,606 *54.| :19 | 935,436 
25 43 | «937,685 AQ | 401 936,528 "5B | 917 | °98$5,357 
— *28 "62 987,608 “41 39 | 936, ,450 66 | -°16 | °935,279 
. 127 ‘G0 | 987,582 “42, *37 |... -936,373 - 957 | 914] 935,201 f 
" 98 |. +59 "937,455 -43 ‘36 936, 295 '*58 "12 | +935,122 
57 | :987,378 |_ 44 | S41 936,217 | 59 | = “1d , 





34] _ 936,217 “935,044 



































‘TABLE Cl. - 
of the Correction of the’ Longitude found ‘by the preceding.‘ 
ee a ee 
Approst | Cones: Approxi- Ca pouee Agprest Civrée: eee Cioran: Approxi- | Conn: 
Longitude idee | Longitude ' fon. | ho ongitude - Longitude] % moe Longitude oe 
1800. | 00 4200 | o6 5700 | 1-4 | 6480 | ot’ rons | oe 
2400 | @1 4500 | 0-7 6000 | 17 6600 | 2-2 7000 | 29 
3000 | 02 4800 | -69 | .6120 } 1:6 6720 ..| 2-4 7320 | ‘3 
3600 | Or4 5100 | 1:0 6240 | 1:9 6840 | 25 | 7440 | 3-2 
3 05 6400 | 12 6360 | 20 6960 | 26 7560 | $4 


TABLE 12. 
_Of the Factor (Logarithmic) for finding, differences of Asimuth. 


_ Latitude. Lggaritium. | Lotitude | Logarithm | Latitude. | Logarithm. | Latgude, Logarithm. - 


o . , o o 4 © ‘ : 
1.27549 | .sa08 | .7-7564 | 3010 77838 .| 30-45 | P7598 







"7552 06 7567 11 7581 16 ‘7596 ~ 
°T555 OF 7870 .|. 112. 7584 | a7 - ‘7699 
°7558 | 08 “7587 18 .°7602 
°7561 209 *7590 “19 °7605 





~ 
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TABLE 13,—Continued. 










ements 


Latitude: | Logarithm. | Latitude. | Logorithm| Latitude. | Logarithm. | Lettuce. | Logarithm: 








° @ o , ‘ ° 
20 |. %-7607 30°45 7°7680 |- 81°10 5.7751 31°35 7°7822 
21 7610 “46 7683 Le 7754 °36 ‘F825 
a ‘7618 “47 “7686 12 °7757 °$7 7828 
23 7616 48 “7688. 13 | = +7760 88 7831 
‘7691 14 ‘7763. | —°39 7333 
7694 15 7766 “40. 7836 
7697 16 7768 “4a. 7839 
°7700 17) «|. 7771 42 7842 
7708 18 7778 48 "7845 
7705 19 7777 44 7848 
‘7708 20 7780 “45 7850 
77t1 | 2. - 7782 46 |. +7858 
7794 23 ‘7785. °47 7856 
“7717 23 . 27788 48 | . °7B59 
7720 24: 7791 49. 7862 
9793 | 5 |. 7794 50 | -7864. 
77% 96 |. -7796 “61 7867 
7728 27 7799 52 7870 
‘7731 / 92g 7802 53 7873 . 
7734 29 7805 “54 7876 
‘7737, 1° -*30. 7908 65 ‘7878 
7740 31 7811 "66 7881 
"7743 *$2: 7814 °57 ‘TBB4 
‘7746 | ‘33 7816 68 3 °7887 ° 
‘7748 34 ‘7819 | BO ‘7890 
ae 
Use. of the preceeding Tables. 
=: ABLE 1. 


Tus contains the length of the degree in fathoms with the egnee, 
also of the minute and its logarithm. As the number of feet in 1 is 
the same with the number of fathoms in 1, divided by 10, it is evident 
the logarithm will be the same, with the exception of the index, which mast 


Ibe one less. For turning feet into setonds the mn: in column 7 


' ) 


‘may be used. | Tn 
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TA B L.E 8, 
; _— no —r — the same as the me ee 


o ai ~~ . a oe} aa 
\ . t 


TABLE 8: 


Is the differétice of the meridional and perpendicular degrees, multiplied 


by the square of the sine of the Azimuth or (pm). Sine'’A. These 
numbérs are useful in finding readily.the value of the oblique degree, 


sometimes required to reduce arca ‘in. feet to the angle formed by the 


verticals, Hurron’s expression taken from the, 2d vol. Trig. survey is 


for the oblique degree 
| Fe heer ¢ ‘Being the Asimuth, and pm 


the a seneuae and meridional — This _— — into 
séries is equal to « a Mos a We ted tak " " iawn 3. A 3 
Mh eT bp > ~—= &c, Shoe x ae Sine * Ge - 
Now-as the’ cortéction;is sail and m p are nearly equal, and extreme 


accuracy not required in the case in question, we may take the, above é as 


—— is for amen  sauiann 
ae 4 mem sed piss 


! ’ 8 
cee tg Ue dae 


‘Tue table gives ws the correction (p— m) Sine ‘A, which j is to ied added we 


the ee “ nee in order to-have the —_ degree. 


ake cates, Sok hta ae Pie 


ne ea “TABLE 4,. 


oe ot tH es 
Is the spherical excess, that is the sum above 180, “which the thres 
angles o a sia I spherical triangle amountto, =. . 


f 


Tae arguments are the two 0 sides and a acent aa 
VOL. XIV, AY oot - 


; 
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EXAMPLE. 
Given a triangle having two of its sides == 227,000 and 300,000 feet, 
and its angles (adjacent to the two sides) 52 and 36, Required the 
excess of the three angles above 180? | 


Table No. to 58 — 1447 | a to 36. = 172 
Multiplier to side 227,000 | 52. 300,000 9 
| } 5735 Bat ey 6:948: 
Oe “a 9-904 
Ast part, 5:96 | 
o part, — tad 95 


: a? 139 ln - epherical. CRCEB, | 

As the two o angles are acute, both parts of the spherical excess are 
positive, bat if one of thé angtes be obtuse the part anawering: te it will be 
negative. "When the — not to be found in the — it's supplement 


is to be taken. 
TABLE 5. 


Tue difference of the logarithms ef. the are and ian for probable | 
distances within thie | It ante serves to — mee sines. 


ee 


EKAMPLE. | 

Waar is the tangent to > the arc measuring 345,000 feet in length ex: 

pressed in feet. Also find its sine.” |The distance —* taken in the 
direction of the metidian. * ae | 


| For the Ta For the Sive. | 
Log. 345,000 5 re 5 SBTBIO 
Table No. _-_ 0:+000, 039 7 | _ "000,020 ==1Tab. No. 





Log. tangent, 5: 537,858 Log. sine, 537,799 
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‘Dg seconds ‘and their logarithms, also the logarithm of the arcs in 
feet — given, rendet the _ much more convenient in use. . 


: TAB LE E 6.. 
Tus table requires no explanation. : 


. : | “TABLE 7. 
Gomrame the spheroidal correction of latitude, it’s use is evident. 


| T A B L E 8, . 
Geran the logarithmic factor, for finding the difference of latitude 


of the two ends of a 2 perpendicalar & arc. 


| - EXAMPLE. 
Given the length « of an arc perpendicular to the meridian = 400,000 
feet, and the latitude. of one end 30 53 00. Required the latitude of 


the other end? ; ; 
: ‘Log. of 400,000  5-6020 





Squared, © 1:2040 
Log. from table 30 53 0-1483 
285 = 19523 
30 53 00.:: 
30 52 37:4. Latitude required. 





362 An accouNn?. oF FH | 


Tue-results found. from thid table. mayibe. cosrected . by. applying. fie” 
numbers ftom, the ‘preceeding, . although it-‘may: admit of..doubt if in ‘a. 
survey of this description, any — much below | be worth regarding, 


TABL gE 9, 

Contains the logarithmic factor for cortecting the’ preceding restilt, 
though the operation of this ree be far too fesble to deserve being 
: attended to, “It is less than that given in Table 7, The logarithm j in the 
table is'té be added to the Tojrarithi 6f the éotréction ‘found by the pre- 
ceding, the sum is the logarithm of the correction. It may be however 


ot eS 


always neglected, ais m — only givet thie ‘able to _— es 


TABLE. 10... ces Oe 
Conrains the factor natural and logarithmic for reducing ‘iianeee on 
the anne in feet, to the eorpesponding differences of longitude, 
itn te at eee: a Mea OF ee 
bebe topes, SBRAMPEBR, . 
tom the length of an arc scnesanianlans to the sili: = 400,000. ? 
feet. Required the difference of longitude of its two extremities? 
Log. of 400;000 5-602,060 
Factor 5 30. 93 I. , 1:942,350 





tt 


4567 9 = 3659: 710 
Bs the difference of longitude.required, but it pam be correctett by, 


vt 
aA 

{ eet i" 6 ve o 
= ~ * ’ e oa * eo 


# 


TABLE 11° M 
Thus, approximate longitude;. .. 4567-9 
Correction to,..ece.ds 000 ew] 
True difference,..csseeee 49673 
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TABLE 12. 
Contains the logarithmic factor, for finding the difference of Azimuth 
of the two ends of a perpendicular arc. : 


| EXAMPLE. 
Let the length of a perpendicular to the merididn be 375,000 feet, 
and the latitude of the night angle 31 07 Required the difference of 
simuth of its two extremities? | 
Oo Log. of 375,000 _5:5740 
Factor to 31 07 77743 


Difference of Agimuth required 93:30 = 3:3483 


Ir this difference were greater it might be necessary to correct it by 
Table 11, as in the case of the longitude, but unless the correction 
amounted to a few seconds it is hardly worth attending to, particularly as 


Azimuths are not easy to be observed with great precision. 


Ir is to be noted, that though these two tables give the correct dif. 
| ference of Azimuth of the two ends of the perpendicular, yet that this is 
not always-the difference answering to the two ends of the corresponding 
oblique arc, because it is evident, that where the arcs are large there will 
be a considerable spherical excess, and this must be taken into considera~ 
tion always. 4 | 
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